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Co-author  Bill  Ver  Planck  passed  away  June 
14,  1963,  while  this  report  was  in  early  stages 
of  publication.  This  work  is  an  outgrowth  of  a 
larger  study  on  the  quartzite  resources  of  Cali- 
fornia, completed  by  Bill  and  now  being  pre- 
pared for  publication.  It  was  prompted  by  him 
because  of  the  need  to  map  in  detail  the  com- 
plex structures  which  govern  the  distribution  of 
the  quartzites  and  carbonate  rocks  near  Victor- 
ville,  both  of  which  have  considerable  commer- 
cial potential.  Bill  was  a  specialist  of  long 
standing  in  the  Division  of  Mines  and  Geology 
on  mineral  utilization  and  on  a  wide  variety  of 
nonmetallic  minerals,  although  his  original  in- 
terest was  the  mining  of  metallic  minerals.  His  works  on  gypsum,  salt,  and  saline  minerals 
in  California  remain  the  best  references  we  have  on  these  subjects. 

Bill  graduated  from  the  Massachusetts  Institute  of  Technology  in  1939  and  completed 
more  than  100  units  of  graduate  work  in  geology  at  Stanford  University  in  1946—48. 
He  had  several  years  of  experience  in  the  gold  mines  of  Quebec  before  the  war  inter- 
vened and  he  was  inducted  into  the  U.  S.  Army  in  January  1948.  After  his  release 
from  active  duty  and  completion  of  his  graduate  work  at  Stanford,  he  joined  the 
Division  of  Mines  and  Geology  staff.  His  first  statewide  commodity  study  on  the  gypsum 
resources  of  California  was  published  in  1952.  He  wrote  14  chapters  of  Bulletin  176, 
Mineral  Commodities  of  California,  published  in  1957,  and  during  the  same  period 
completed  Salt  in  California,  also  published  in  1957.  Much  of  his  time  between  1957 
and  1963  was  devoted  to  a  study  of  the  silica  resources  of  California — particularly  to 
quartzites,  vein  quartz,  and  the  quartz-bearing  Tertiary  channel  gravels  of  the  Sierra 
Nevada.  For  the  last  2  years  prior  to  his  death  he  was  chairman  of  the  Division's  Com- 
mittee on  Publications.  It  has  been  my  great  pleasure  to  be  associated  with  this  staunch 
friend  and  able  scientist  during  the  preparation  of  this  report,  as  well  as  throughout 
his  career  at  the  Division  of  Mines  and  Geology. 


OLIVER   E.   BOWEN 

San  Francisco,  California 

February  17,  1964 


ABSTRACT 

Re-mapping  of  the  Carboniferous(?)  Oro  Grande  Series  in  the  Victorville-Oro  Grande 
district  on  a  scale  of  1:  12,000  has  provided  detailed  information  that  allows  revision 
of  the  sequence  at  the  type  locality  as  follows,  bottom  to  top,  average  thicknesses  in 
feet:  (1)  lowermost  white  dolomite,  1200;  lower  dark-brown  to  dark-green  schist-hornfels, 
350;  (3)  lower  blue-gray  crystalline  limestone  (principal  carbonate),  250;  (4)  dark  brown 
schist-quartzite  (transitional),  60;  (5)  lower  quartzite,  off-white  to  pale-pink,  250; 
principal  schist,  dark-brown  to  black  with  thin  limestone  lenses,  500;  upper  quartzite, 
off-white  to  pale-pink,  250.  On  to  this  sequence  we  can  now  project  two  additional 
units  present  in  adjoining  fault  blocks.  These  are:  an  upper  blue-gray  crystalline  lime- 
stone, 300;  and  a  mixed  unit  of  interlensed,  interfingering  quartzite  breccia,  carbonate 
rocks,  schists  and  hornfelses,  2000.  The  total  thickness  of  the  series  is  therefore  roughly 
5160  ft.,  but  individual  units  thicken  and  thin  throughout  the  various  structures  partly 
from  depositional  and  partly  from  tectonic  causes.  Neither  the  upper  nor  the  lower 
stratigraphic  limits  are  known  to  be  present  in  the  Victorville-Oro  Grande  district. 

The  Oro  Grande  Series  is  in  part  overlain  unconformably  and  in  part  intruded  by 
rocks  of  the  Triassic(?)  Sidewinder  Volcanic  Series.  Both  these  sequences  of  rock  are 
intruded  by  granitic  rocks  of  Early  Cretaceous  or  Late  Jurassic  age.  All  of  the  older 
rocks  are  overlapped  and  in  places  wholly  masked  by  Pleistocene  and  Recent  alluvium. 

The  Oro  Grande  Series  was  complexly  deformed  and  eroded  prior  to  emplacement 
of  the  Sidewinder  Volcanic  Series  and  the  granitic  rocks.  West  of  the  Central  Ridge 
fault  a  series  of  northwest-trending  folds  developed,  one  anticline  of  which  was  dis- 
rupted by  the  Klondike  fault  system  and  another  by  the  Quartzite  Mountain  fault.  In 
sharp  contrast,  units  of  the  Oro  Grande  Series  east  of  the  Central  Ridge  fault  lie  in  a 
northeast-trending,  northwest  dipping  homocline,  indicating  a  large  displacement  on  the 
Central  Ridge  fault.  Prior  to  placement  of  the  Sidewinder  Volcanic  Series  and  the  granitic 
rocks  these  earlier  structures  were  cut  obliquely  by  the  Shay-Comet  and  Railroad 
Grade  faults. 

Following  emplacement  of  the  granitic  rocks  but  prior  to  deposition  of  the  older 
alluvium,  elements  of  at  least  3  and  probably  4  units  of  the  Oro  Grande  Series  were 
thrust  over  the  northwest-trending  structures  previously  alluded  to,  but  this  plate  (or 
plates)  has  been  so  widely  dissected  by  erosion  that  only  a  few  isolated  remnants  are 
still  present.  The  bases  of  these  plate-remnants  dip  as  low  as  20°  north.  The  configura- 
tion of  several  of  the  plate-remnants  indicates  that  they  were  deformed  and  faulted 
at  some  time  later  than  the  original  thrusting  although  the  pattern  produced  in  this 
episode  has  been  destroyed  by  erosion. 

Well  over  50  million  tons  of  limestone,  several  million  tons  of  quartzite  and  many 
millions  of  tons  of  miscellaneous  cement  rocks  have  been  produced  from  units  of  the 
Oro  Grande  Series,  mostly  for  the  plants  of  the  Riverside  Division  of  the  American 
Cement  Company  at  Oro  Grande  and  the  Southwestern  Portland  Cement  Company  at 
Victorville.  Quartzite  was  produced  for  silica  brick  by  several  companies  up  to  1955. 
The  Oro  Grande  Series  has  also  acted  as  host  for  deposition  of  small,  although  at  times 
important,  deposits  of  gold,  silver,  copper  and  lead. 

Reserves  of  limestone,  dolomite  and  quartzite  amount  to  many  hundreds  of  millions  of 
tons  each.  The  Sparkhule  Hill  quarry  is  at  present  the  principal  source  of  limestone  for 
Riverside's  Oro  Grande  plant  although  the  Klondike  quarry,  formerly  Riverside's  prin- 
cipal limestone  source  still  contains  substantial  reserves  and  is  still  active.  Prior  to  1951 
quarries  in  the  eastern  part  of  the  district  yielded  limestone  and  other  cement  rocks  for 
Southwestern  Portland  Cement  Companies'  Victorville  plant.  Substantial  reserves  still 
remain  there  although  current  operations  are  at  Black  Mountain  east  of  the  area 
described  here.  The  Summit  Claims  contain  an  enormous  tonnage  of  undeveloped  lime- 
stone. Large  undeveloped  reserves  of  dolomite  occur  in  Central  Ridge  and  in  the  Klon- 
dike quarry.  Mineral  Materials  Company  produces  quartzite  from  the  Atlas  quarry, 
mostly  for  portland  cement  plants  in  Riverside  County.  Immense  undeveloped  reserves 
of  quartzite  occur  on  Quartzite  Mountain,  on  the  mountain  west  of  Quartzite  Mountain 
and  on  Coxcomb  Ridge. 
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SCALE     IN    MILES 
Figure    1.      Index  map  showing  location  of  Barstow  quadrangle  and  the  area  mapped. 


STRATIGRAPHY,  STRUCTURE,  AND  MINERAL  DEPOSITS  IN  THE 
ORO  GRANDE  SERIES  NEAR  VICTORVILLE,  CALIFORNIA 

By  O.  E.  BOWEN,  JR.,   and  W.  E.  VER  PLANCK 


Introduction 


Metasedimentary  rocks  of  the  late  Paleozoic  (?) 
Oro  Grande  Series  near  Victorville,  California  have 
yielded  industrial  minerals  for  more  than  80  years. 
Between  1860  and  1910  marble  dimension  stone  and 
lime  were  the  chief  products  obtained,  whereas  after 
1910  the  principal  output  has  been  in  raw  materials 
for  manufacture  of  portland  cement.  Silica  in  the  form 
of  quartzite  (ganister)  has  been  quarried  intermit- 
tently for  refractory  purposes  since  1925  and  sub- 
stantial tonnages  of  quartzite  are  used  annually  in  ce- 
ment manufacturing.  Masses  of  white  crystalline  lime- 
stone in  and  adjacent  to  the  mapped  area  have  yielded 
high-grade  ground  limestone  products  for  more  than 
25  years,  as  well  as  roofing  granules,  crushed  limestone 
for  glass,  and  other  specialty  products.  Well  over  50 
million  tons  of  limestone,  several  million  tons  of  quartz- 
ite and  many  millions  of  tons  of  quartz-mica  schist 
have  been  utilized  thus  far,  and  demand  for  such  raw 
materials  has  sky-rocketed  since  World  War  II.  Re- 
serves of  limestone  and  quartzite  still  amount  to  many 
hundreds  of  millions  of  tons. 

The  Victorville-Oro  Grande  district  lies  85  miles, 
by  either  rail  or  truck,  northeast  of  Los  Angeles  or  40 
miles  northeast  of  San  Bernardino.  The  industrial  min- 
eral deposits  are  clustered  around  Quartzite  Mountain 
at  elevations  ranging  from  2800  to  4500  feet.  The  relief 
is  great  enough  to  provide  good  quarry  sites  but  the 
terrain  is  not  excessively  rugged.  Both  Victorville  and 
Oro  Grande  are  served  by  the  Santa  Fe  Railroad  and 
all  of  the  deposits  are  within  a  few  miles  of  Highway 


U.S.  66.  In  the  Mojave  Desert  annual  rainfall  seldom 
exceeds  5  inches  but  the  Victorville-Oro  Grande  dis- 
trict is  adjacent  to  the  Mojave  River  from  which  water 
supplies  have  thus  far  proved  adequate  for  industrial 
development. 

The  present  study  was  undertaken  to  provide  de- 
tailed information  on  the  very  complex  structure  and 
stratigraphy  which  controls  the  shape  and  distribution 
of  the  non-metallic  mineral  deposits.  Adequate  base- 
maps  were  not  available  for  such  a  study  at  the  time 
the  Barstow  quadrangle  bulletin  (Bowen,  1954)  was 
written  in  1953.  In  1956  the  7 Vi -minute  Victorville 
quadrangle  was  released  by  the  U.S.  Geological  Survey 
and  a  1:12,000  enlargement  (1  inch  =  1,000  feet)  of 
this  map  has  been  adopted  for  this  work.  The  field 
survey  was  made  during  1959  and  the  first  quarter  of 
I960.' 

Early  works  of  a  reconnaissance  nature  covering  the 
Victorville-Oro  Grande  district  include  those  of  Her- 
shey  (1902),  Baker  (1911),  Darton  (1915)  and  Miller 
(1944).  The  first  intensive  study  of  the  30-minute 
Barstow  quadrangle  was  made  by  Bowen  (1954)  dur- 
ing the  period  1940-1952.  In  the  process  of  a  still 
larger  study  made  in  the  1950's,  covering  much  of  the 
Mojave  Desert,  the  30-minute  Barstow  quadrangle  was 
re-mapped  on  the  new  15 -minute  base  maps  by  T.  W. 
Dibblee,  Jr.  of  the  U.S.  Geological  Survey.  Prelimi- 
nary releases  of  this  mapping  appeared  in  1960  as  U.S. 
Geol.  Survey  Map  Sheets  MF-  226,  229,  232,  and  233. 
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L  ithology  and  stratigraphic  succession 


The  Oro  Grande  Series 


The  name  Oro  Grande  Series  was  first  applied  by 
O.  H.  Hershey  in  1902  (p.  287-288)  to  the  exposures 
just  east  of  Oro  Grande.  Baker  (1911)  in  his  fine  con- 
tribution to  the  Cenozoic  history  of  the  Mojave  Desert 
also  used  the  name.  The  series  was  further  mentioned, 
un-named,  and  briefly  described  by  Darton  (1917,  p. 
163).  Miller  (1944)  used  the  name  Oro  Grande  meta- 
sediments  and  designated  the  type  locality.  Bowen 
(1954,  p.  23-24)  wrote  a  detailed  description  of  the 
Oro  Grande  Series,  reaffirmed  Miller's  designation  of 
the  type  locality,  measured  the  type  section  on  Quartz- 
ite  Mountain  and  compared  various  isolated  sections 
of  the  series  found  within  the  Barstow  30-minute  sheet. 
Because  of  space  limitations,  Dibblee  (1960),  could 
not  include  a  detailed  discussion  of  the  stratigraphy  of 
the  Oro  Grande  Series  on  his  map  sheet. 

The  term  "series"  is  not  used  here  in  the  time-strati- 
graphic  sense.  Early  workers  such  as  Hershey  and 
Baker  simply  meant  sequence  or  succession.  The  name 
Oro  Grande  Series  is  well  entrenched  in  the  literature 
and  the  authors  do  not  believe  that  any  good  purpose 
will  be  served  by  giving  the  assemblage  formation  or 
group  status. 

The  Oro  Grande  Series  is  a  heterogeneous,  metamor- 
phosed marine  sedimentary  sequence  exposed  in  the 
Victorville-Oro  Grande  district,  the  Shadow  Moun- 
tains northwest  of  Adelanto,  the  Sidewinder  Mountain 
district  and  the  Hinkley  Valley  district.  It  is  probably 
correlative  to  the  combined  Furnace  Limestone,  Chico- 
pee  and  Saragossa  Quartzite  formations  of  the  San 
Bernardino  Mountains  and  to  isolated  patches  of 
marble  and  quartzite  in  the  Newberry  and  Ord  Moun- 
tains. The  sequence  generally  consists  of  carbonate 
rocks,  schists  derived  from  silty  and  sandy  shales  and 
claystones,  and  quartzite  (probably  metasandstone)  in 
that  order  of  abundance.  Gradational  facies  exist  be- 
tween the  carbonate  rocks  and  aluminous  rocks— com- 
monly calcareous  mudstones  that  have  been  metamor- 
phosed to  calc-silicate  hornfelses.  Much  less  commonly 
carbonate  and  aluminous  rocks  are  intimately  inter- 
bedded  as  in  the  Shadow  Mountains  where  part  of  the 
series  consists  of  alternating  layers  of  crystalline  lime- 
stone, quartz-mica  schist  or  metasandstone.  In  contrast, 
the  quartzite  units  are  much  more  sharply  defined,  par- 
ticularly in  the  Victorville-Oro  Grande  district,  and 
consist  almost  entirely  of  nearly  pure  quartz  sands  in 
which  feldspar  is  almost  nil  and  sericite  is  the  chief 
minor  accessory  mineral.  Bedding  in  the  quartzites, 
where  visible  at  all,  is  poorly  defined.  This  character- 
istic is  true  of  the  thicker  carbonate  units  as  well. 


Because  of  the  lithologic  variation  and  structural 
complexity  of  the  Oro  Grande  Series  in  the  Victor- 
ville-Oro Grande  district,  in  which  the  rocks  have 
been  tightly  folded  and  then  cut  into  fault  blocks,  it 
is  necssary  to:  (1)  divide  the  map  into  well  defined 
areas  and  (2)  describe  and  compare  the  successions  in 
the  various  areas.  These  areas  are  designated  by  Roman 
numerals  (I  etc.)  and  are  arranged  counterclockwise 
starting  with  those  areas  containing  the  best  exposed, 
most  complete,  best  defined  stratigraphic  units.  It  so 
happens  that  the  degree  of  certainty  in  correlation 
among  the  various  map  units  of  the  several  areas  for 
the  most  part  decreases  counterclockwise  around  the 
map.  The  rock-stratigraphic  map  units  are  designated 
by  cardinal  numbers  plus  lower  case  letters  (where 
applicable  i.e.  6a)  where  the  succession  is  believed  to 
be  quite  reliable  and  by  capital  letters  plus  area  num- 
erals where  correlation  is  less  reliable  (i.e.  VIII A).  A 
revision  of  the  type  section  described  by  Bowen  (1954, 
p.  24-25),  which  is  located  in  map  area  II,  and  a  sug- 
gested correlation  among  rock-stratigraphic  units  in 
the  several  map  areas  may  be  found  in  figure  2.  An 
index  map  showing  the  orientation  of  the  several  "map 
areas"  may  be  seen  as  an  inset  adjacent  to  the  geologic 
map  on  plate  1. 

Map  Areas  I  Through  VI 

Map  area  I  is  bounded  on  the  west  by  the  Klondike 
fault  system,  on  the  north  by  the  Shay-Comet  fault, 
on  the  east  by  the  Quartzite  Mountain  fault  and  on 
the  south  by  quartz  monzonite  intrusions.  Map  area  II 
is  bounded  on  the  west  by  the  Quartzite  Mountain 
fault,  on  the  north  partly  by  Quaternary  alluvium  and 
partly  by  plate  remnants  of  the  Quarry  12  thrust,  on 
the  east  by  the  Central  Ridge  fault  and  on  the  south 
by  quartz  monzonite  intrusions.  Map  area  III  is 
bounded  on  the  west  by  the  Central  Ridge  fault,  on 
the  north  by  Quaternary  alluvium,  on  the  east  by  the 
Amazon  fault  and  on  the  south  by  Quaternary  allu- 
vium. Map  area  IV  is  bounded  on  the  west  by  the 
Amazon  fault,  on  the  north  by  alluvium  and  artificial 
fill,  on  the  east  by  the  East  End  fault  and  on  the  south 
by  alluvium.  Map  area  V  is  bounded  on  the  west  by 
the  East  End  fault  and  elsewhere  by  overlapping  allu- 
vium and  artificial  fill.  Map  area  VI  is  bounded  on  the 
west  and  north  by  overlapping  Triassic  (?)  volcanic 
rocks  and  on  the  east  and  south  by  overlapping  Quat- 
ernary alluvium. 

The  stratigraphic  units  in  map  area  I  through  VI 
are  distinct  enough  and  correlation  is  reliable  enough 
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Photo  1.  An  end-on  view,  observer  focing  south,  of  north-trending  Central  Ridge,  together  with  part  of  the  northeast  slope  of  Quartzite  Moun 
tain,  showing  part  of  the  type  section  of  the  Oro  Grande  Series.  The  units  are  numbered  along  the  skyline.  The  Central  Ridge  interval  occupied  by 
map   unit   1,  the   lowermost  dolomite,   is   approximately    1200  feet. 

Photo   2.      Northeast  face  of  Quartzite  Mountain,  showing  the  disposition   of  the  units  in  the  type  section.  The   light-colored   ridge  in  the   left  middle 
ground   is   Central   Ridge.   Observer   faces  southwest.   The   map   units  are   numbered  along  the  skyline. 


Photo   3.      Old   quarries  and  pits  worked   for  sugar  rock  on  the  Summit  claims   of   Southwestern    Portland   Cement   Company   on   the   northeast   slope 
of  Quartzite  Mountain.   The   blue-gray,   medium-crystalline   limestone   is   part  of  map   unit  3   in   the  type  section. 
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to  consider  these  areas  together.  Although  the  type 
section,  which  is  the  most  complete  succession  avail- 
able, lies  in  map  area  II,  we  began  our  area  numbering 
system  in  map  area  I  adjacent  to  it  on  the  west 
because  the  structure  there  is  simpler  and  the  succes- 
sion more  obviously  in  order.  The  base  of  the  type 
section  commences  at  the  Central  Ridge  fault  and 
continues  southwesterly  to  the  crest  of  Quartzite 
Mountain.  Dolomite  of  the  lowermost  unit  stands  out 
prominently  from  drab  surroundings  as  a  light-colored, 
north-trending  ridge,  here  called  the  Central  Ridge. 
Central  Ridge  lies  close  to  the  northeast  base  of 
Quartzite  Mountain  and  merges  with  Quartzite  Moun- 
tain on  the  south.  Because  of  excellent,  continuous 
exposures  and  lack  of  structural  complications  the  type 
section  was  measured  southwesterly  along  the  drainage 
divide  between  Oro  Grande  Canyon  and  Sidewinder 
Valley  from  the  Central  Ridge  fault  to  the  crest  of 
Quartzite  Mountain.  At  this  point  the  crest  is  under- 
lain by  map  unit  5,  with  precipitous  topography  and 
poor  exposures  to  the  west.  Consequently,  map  unit  5 
was  followed  along  the  strike  half  a  mile  northwest 
to  a  point  where  the  other  2  existing  stratigraphic 
units  could  better  be  measured. 

Map  unit  1,  the  lowermost  dolomite,  consists  of 
about  1200  feet  of  medium-  to  coarse-grained,  white, 
crystalline  dolomite.  Irregular  patches  of  crystalline 
limestone  a  few  feet  thick  and  an  occasional  lens  of 
black  quartz-mica  schist  reflect  the  only  variations  in 
sedimentation  for  this  interval.  Locally,  the  rock  is 
contact-altered  to  sulfur-yellow  serpentine  and  white 
calcite    (ophicalcite)    or,    less    commonly,    to    dark- 


weathering  diopside-tremolite-garnet-idocrase-calcite 
rock.  A  few  dikes  of  hornblende  diorite,  biotite  quartz 
monzonite,  granite  pegmatite  and  granite  aplite  pene- 
trate the  dolomite  unit.  Muscovite,  phlogopite  and 
green  chlorite  clots  and  disseminations  commonly 
occur  close  to  the  dikes,  as  well  as  occasional  concen- 
trations of  sphalerite,  galena  and  pyrite. 

The  bulk  of  the  rock  in  Central  Ridge,  even  on 
weathered  surfaces,  is  white  or  very  light-colored  but 
to  the  south,  where  the  ridge  merges  with  the  south- 
east slope  of  Quartzite  Mountain,  the  iron  content  of 
the  rock  increases  slightly  and  it  weathers  to  a  uni- 
form light  brown. 

The  steep-dipping  dolomite  of  map  unit  1  is  in  fault 
contact  with  quartzite  and  schist  on  the  east  and 
grades  rather  sharply  into  schist  and  hornfels  of  map 
unit  2  on  the  west.  Fossils  have  not  been  found  in  it. 
At  the  northern  end  of  Central  Ridge  elements  of  the 
lowermost  dolomite  unit  have  been  overturned  and 
truncated  by  an  overthrust  developed  along  the  axis 
of  a  reclining  fold. 

Selected  sites  in  the  lowermost  dolomite  unit  would 
yield  dolomite  of  fairly  good  commercial  grade  but 
thus  far  there  has  been  little  demand  for  it  in  this 
vicinity. 


Photo  4  (below).  Typical  outcrops  of  the  lower  commercial 
quartzite  (map  unit  5)  on  the  northeast  face  of  Quartzite  Moun- 
tain. 
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Map  unit  2,  the  lower  schist-hornfels,  consists  pre- 
dominantly of  dark-brown  to  black  quartz-mica  schist 
with  lesser  dark  green  calc-silicate  hornfels  and  dark 
brown  quartz-biotite  hornfels.  It  ranges  from  150  to 
500  feet  thick  and  averages  about  350  feet  thick.  Thin 
dikes  and  sills  of  black  hornblende  quartz  diorite  have 
penetrated  the  unit  and  have  been  rendered  schistose 
along  with  the  metasediments.  Minor  proportions  of 
light-gray  micaceous  quartzite  also  occur  in  thin 
scattered  beds  within  the  unit. 

Map  unit  3,  the  principal  carbonate  unit,  consists 
chiefly  of  blue-gray,  massive,  medium-grained  crys- 
talline limestone,  in  the  type  section  on  Quartzite 
Mountain  (map  area  II).  It  contains  the  principal 
undeveloped  reserve  of  commercial  limestone  in  the 
Victorville-Oro  Grande  district.  In  map  area  I,  how- 
ever, this  stratigraphic  interval  is  occupied  chiefly  by 
light-grav  to  off-white,  light-brown-weathering  dolo- 
mite— apparently  a  replacement  of  the  normally  calcitic 


Photo  5  (below).  Southwest  slope  of  Quartzite  Mountain, 
showing  typical  exposures  of  schist  (6a)  and  limestone  (6b)  of 
map  unit  6.  This  predominantly  schist  unit  is  about  1100  feet 
thick  on  this  slope,  but  on  the  opposite  side  of  the  Quartzite 
Mountain  syncline  (on  the  northeast  slope  of  Quartzite  Moun- 
tain), it  has  been  reduced  to  only  100  feet  in  thickness  through 
extreme   compression   between   two  competent   quartzite    units. 


beds  of  this  interval.  The  principal  carbonate  unit  is  in 
sharp  but  slightly  gradational  contact  with  the  lower 
schist-hornfels  unit.  It  ranges  in  thickness  from  150  to 
550  feet  and  averages  about  250  feet. 

Map  unit  4,  the  schist-quartzite  transition  unit,  lies 
conformably  above  the  principal  carbonate  unit  in  the 
type  section  on  Quartzite  Mountain  where  it  consists 
of  60  to  80  feet  of  dark-brown  to  black  quartz-mica 
schist.  Thin  beds  of  light-colored  micaceous  quartzite 
and  dark  calc-silicate  hornfels  are  also  present.  The 
unit  is  persistent  along  the  east  side  of  Quartzite 
Mountain  for  about  a  mile  but  west  of  Quartzite 
Mountain  the  corresponding  interval  is  represented 
only  by  thin  lenses  of  schist  interspersed  with  the 
uppermost  carbonate  beds  of  map  unit  3. 

Map  unit  5,  the  lower  coymnercial  quartzite,  consists 
almost  solely  of  glassy  to  off-white,  light-gray  to  pale- 
pink-weathering,  medium-grained  quartzite.  Bedding 
is  faintly  discernible  here  and  there  but  sedimentary 
structures  generally  are  lacking.  The  unit  ranges  from 
150  to  400  feet  in  thickness  and  averages  about  250 
feet  in  thickness. 

Under  the  microscope  the  quartzite  is  a  dense  mosaic 
of  quartz  grains  ranging  in  diameter  from  0.2  to  1  mm. 
The  original  outlines  of  the  sand  grains  are  discernible 
in  some  thin  sections  whereas  in  others  the  original 
sedimentary  texture  has  been  obliterated  during  meta- 
morphism.  Calcite  is  absent  and  feldspar  is  rare— well 
under  half  of  one  percent.  Finely  divided  muscovite 
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is  widely  distributed  in  interstitial  and  included  wisps 
but  does  not  exceed  1.0  percent  in  any  of  the  thin  sec- 
tions examined.  Minute  grains  of  tourmaline,  sphene, 
zircon (?),  magnetite,  biotite,  limonite  and  pyrite  were 
identified  in  various  specimens  collected  from  map 
unit  5.  Joint  surfaces  commonly  are  coated  with  a  film 
of  iron  oxide  minerals. 

Map  unit  6,  the  principal  schist  unit,  lies  conform- 
ably between  the  two  commercial  quartzite  units.  It 
consists  mainly  of  black  to  dark-brown  quartz-mica 
schist,  biotite  causing  the  dark  hues.  Amphiboles  are 
uncommon  to  rare  in  this  unit.  Green  calc-silicate 
hornfels  is  locally  developed  and  an  occasional  bed  of 
clean  quartzite  (map  unit  6c)  is  to  be  seen  in  the  lower 
part  of  the  unit.  Long,  thin  lenses  of  light-brown- 
weathering  limestone  and  magnesian  limestone  (map 
unit  6b)  are  characteristic  of  the  upper  middle  third 
of  the  principal  schist  unit.  In  map  area  I,  one  of  these 
limestone  subunits  can  be  followed  continuously  for 
over  a  mile  and  acts  as  a  structural  marker  bed.  Lesser 
lenses  of  carbonate  rock  occur  both  above  and  below 
this  horizon  in  map  area  I  and  on  the  west  flank  of 
Quartzite  Mountain  in  map  area  II. 

As  the  principal  schist  unit  lies  between  the  two 
commercial  quartzites,  which  are  massive  and  compe- 
tent, it  has  been  intensely  deformed  by  being  com- 
pressed between  the  two.  As  the  compressive  forces 
probably  were  not  symmetrically  directed  and  as  the 
quartzite  "anvils"  probably  were  lenticular  to  start 
with,  the  principal  schist  unit  has  suffered  marked 
thinning  at  some  points  and  equally  intense  thickening 
at  others— both  by  plastic  flow  and  by  shearing.  The 
average  thickness  of  the  principal  schist  unit  probably 
is  500  feet  but  on  the  east  side  of  the  Quartzite  Moun- 
tain syncline  the  thickness  of  the  unit  has  been  re- 
duced to  as  little  as  100  feet  in  contrast  to  the  west  side 
where  it  has  been  thickened  to  something  like  1100 
feet. 

Map  unit  7,  the  upper  commercial  quartzite,  is  litho- 
logically  and  chemically  identical  to  the  lower  com- 
mercial quartzite  and  need  not  be  described  further. 
It  occupies  much  of  the  crest  of  Quartzite  Mountain 
but  passes  beneath  a  flatiron-shaped  salient  of  the  Oro 
Grande  Canyon  thrust  plate  at  the  north  end  of  the 
mountain.  The  unit  reaches  a  maximum  thickness  of 
450  feet  but  probably  does  not  average  more  than  250 
feet  in  thickness.  An  occasional  interbed  of  dark  quartz 
mica  schist  a  few  inches  to  a  few  feet  thick  is  the  only 
feature  indicative  of  structure  or  of  variation  in  the 
sedimentation  within  either  of  the  two  massive  quartz- 
ite units. 

Although  the  Quartzite  Mountain  fault  separates  the 
sequences  in  map  areas  I  and  II  the  successions  corre- 
spond so  closely  that  the  authors  feel  no  further  com- 
ment is  necessary.  East  of  the  Central  Ridge  fault, 
however,  strikes  of  the  units  change  abruptly  from 
the  uniform  northwest  course  seen  in  map  area  II  to 


the  northeast  course  seen  in  map  areas  III  and  IV;  the 
dips  change  dramatically  too  so  that  a  large  (possibly 
lateral)  displacement  must  have  taken  place  along  the 
Central  Ridge  fault.  However,  the  conformable  suc- 
cession of  thick  schist,  quartzite  and  limestone  units  in 
map  areas  III  and  IV  can  hardly  be  other  than  map 
units  6  and  7  as  delineated  in  map  areas  I  and  II  plus 
an  overlying  limestone  unit  (map  unit  8)  and  schist 
(map  unit  9)  not  present  in  I  and  II.  No  alternative  is 
reasonable. 

Map  unit  8,  the  Quarry  3  Limestone,  is  massive, 
blue-gray  limestone  similar  in  most  physical  respects 
to  the  principal  carbonate  (map  unit  3)  of  the  type 
section.  The  rock  is  higher  in  silica,  iron  oxide  and 
alumina  than  the  average  of  samples  from  the  principal 
carbonate  collected  along  the  northeast  flank  of  Quart- 
zite Mountain  and  materially  lower  in  magnesia  (2.0 
versus  3.5).  The  unit  reaches  a  thickness  of  550  feet 
but  is  not  exposed,  within  map  areas  III  and  IV,  for 
any  great  strike  length  (less  than  1200  feet).  The  aver- 
age thickness  is  300  feet.  As  this  limestone  is  comform- 
ably  overlain  by  a  relatively  thick  schist  unit  and  con- 
formably underlain  successively  by  thick  quartzite 
and  schist  units,  it  can  hardly  belong  anywhere,  strati- 
graphically,  but  directly  above  the  upper  commercial 
quartzite  of  the  type  section.  Notable  reserves  of  com- 
mercial limestone  remain  in  this  unit. 

Map  unit  9,  the  uppermost  mixed  unit  is  represented, 
in  map  areas  III  and  IV,  by  uniform  dark-brown-to- 
black  quartz-mica  schist,  the  transition  between  it  and 
the  adjacent  members  being  conformable  and  abrupt. 
This  uppermost  schist  is  about  250  feet  thick.  Toward 
the  top  it  is  overlapped  by  alluvium  and  presumably 
is  cut  off  by  the  Railroad  Grade  fault.  Lithologically 
it  is  similar  to  other  schist  map  units,  but  because  of 
its  stratigraphic  position  it  is,  in  all  probability,  a  schist 
subunit  of  the  upper  mixed  unit  delineated  in  area  VI. 

In  map  area  VI  a  complex  unit  consisting  of  quartz- 
ite breccia,  quartz-mica  schist,  crystalline  limestone, 
crystalline  dolomite,  quartzite  and  calc-silicate  hornfels 
occupies  the  uppermost  part  of  the  stratigraphic  suc- 
cession. There  it  is  unformably  overlain  by  latite  and 
dacite  flows  of  the  Triassic  (?)  Sidewinder  Volcanic 
Series  (Bowen  1954,  p.  42-53). 

In  the  southwest  half  of  map  area  VI  this  mixed  unit 
consists  of  3  schist-quartzite-hornfels  subunits  alter- 
nating with  3  carbonate  subunits.  To  the  northeast, 
however,  the  carbonate  subunits  lens  out,  and  the  en- 
tire 2400  feet  of  exposed  thickness  consists  of  sedi- 
mentary quartzite  breccia,  including  lenses  of  quartz- 
mica  schist,  quartzite,  hornfels  and  carbonate  rocks. 
We  have  somewhat  arbitrarily  taken  2000  feet  as  the 
average  thickness  of  map  unit  9,  but  it  ranges  from 
1 200  to  2400  feet  in  thickness.  This  appearance  of 
quartzite  breccia  is  unique  among  rocks  of  the  Oro 
Grande  Series  in  Barstow  quadrangle  although  sedi- 
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mentary  breccias  made  up  of  carbonate  rocks  are  pres- 
ent in  Sidewinder  Mountain  15  miles  to  the  east. 

As  the  carbonate  rocks  found  in  the  uppermost 
mixed  unit  are  magnesian  or  else  of  highly  variable 
chemistry,  and  as  the  chemistry  of  the  siliceous  rocks 
is  also  heterogeneous,  production  of  cement-rock  from 
them  has  been  discontinued.  Small  tonnages  of  lime- 
stone and  dolomite  of  fair  grade  could  be  produced 
from  this  unit  if  the  demand  arose,  but  presence  of 
large  blocks  of  uniform  material  in  this  unit  within 
the  map  area  is  unlikely. 

Map  area  V  is  underlain  chiefly  by  alternating  strati- 
graphic  subunits  of  dark  quartz-mica  schist  and  clean 
quartzite.  A  single  thin  sheet  of  blue-gray  dolomitic 
limestone  nowhere  over  20  feet  thick  (subunit  6c) 
lies  between  a  quartzite  and  a  schist  subunit  in  the 
southwest  half  of  the  area.  The  quartzite  subunits  are 
substantially  thinner  than  either  map  unit  5  or  7  of 
the  type  section  but  are  lithologically  indistinguishable 
among  themselves  or  from  map  units  5  and  7.  The 
schist  subunits  likewise  have  no  distinctive  features. 
The  entire  succession  in  area  V  is  roughly  1200  feet 
thick.  It  most  closely  resembles  map  unit  6  as  seen  on 
the  southwest  slopes  of  Quartzite  Mountain,  but  it 
may  possibly  be  correlative  with  the  uppermost  mixed 
unit  in  area  VI.  Still  less  possibly  it  could  be  higher 
stratigraphicallv  than  anything  present  in  areas  I,  II, 
III,  IV  or  VI.   ' 


Mop  Area  VII 

In  the  vicinity  of  Macks  Peak,  on  the  north  slopes 
of  Quartzite  Mountain,  and  on  the  intervening  floor 
of  Oro  Grande  Canyon  the  Oro  Grande  Series  is 
found  in  several  thrust-plate  remnants  (klippen)  and 
in  two  small  patches  not  involved  in  the  thrusting.  The 
dark  schists  and  intercalated  blue-gray  limestones  ly- 
ing between  Macks  Peak  and  Quartzite  Mountain  and 
which  are  not  involved  in  the  thrusting  most  probably 
are  elements  of  map  unit  6.  The  brecciated-to-massive, 
blue-gray,  magnesian  limestone  blanketing  Macks  Peak 
(map  unit  VII  D)  may  correlate  with  map  unit  3  of 
the  type  section.  If  so  it  has  been  partially  dolomitised. 
In  the  small  hill  just  north  of  Southwestern  Portland 
Cement  Company's  Quarry  12,  three  units  are  present; 
unit  VII  A,  blue-gray  limestone;  unit  VII  B,  dark 
quartz-mica  schist,  and  unit  VII  C,  massive,  off-white 
quartzite.  Unit  VII  A  most  probably  correlates  with 
unit  3  of  the  type  section;  unit  VII  B  with  unit  4;  and 
unit  VII  C  with  unit  5. 

East  of  Quarry  12  and  west  of  Central  Ridge  (if  it 
were  projected  north),  the  blue-gray  limestone  plate- 
remnants  probably  correspond  to  map  unit  3  of  the 
type  section.  At  the  north  extremity  of  Central  Ridge, 
beds  of  the  lowermost  dolomite  (map  unit  1)  have 
been  thrust  over  other  beds  of  the  same  unit. 


The  large  plate-remnant  west  of  Quarry  12  can 
hardly  be  made  up  of  any  unit  other  than  the  upper 
commercial  quartzite  (map  unit  7)  of  the  type  section. 

Mop  Area  VIII— Lower  Oro  Grande  Canyon 

Map  area  VIII  lies  north  of  the  Shay-Comet  fault 
and  west  of  the  Jessie  fault.  Its  northern  and  western 
limits  are  provided  by  overlapping  Pleistocene  allu- 
vium. South  of  the  Original  quarry  the  probable  con- 
tinuity of  a  north-dipping  homocline  is  partly  masked 
by  alluvium  and  artificial  fill,  but  beginning  at  the 
north  half  of  the  Shay  quarry  and  continuing  north- 
east toward  Jessie  Saddle  the  following  sequence  of  7 
units  is  believed  to  be  unbroken  and  conformable. 
Map  unit  VIII  A,  the  lowermost  limestone  unit,  crops 
out  only  in  the  Shay  quarry.  Its  thickness  is  indeter- 
minate, as  part  is  cut  out  by  the  Shay-Comet  fault  and 
bedding  is  poorly  defined,  but  it  probably  reaches  400 
feet.  Massive,  coarsely  crystalline,  blue-gray  limestone 
makes  up  the  entire  unit. 

Conformably  overlying  the  limestone  unit  is  350-450 
feet  of  dark-brown  quartz-mica  schist  and  calc-silicate 
hornfels  designated  map  unit  VIII  B.  This  in  turn  is 
overlain  by  massive,  off-white  quartzite  (map  unit 
VIII  C)  rather  universally  stained  reddish  brown, 
along  joints,  by  iron  oxide.  It  may  exceed  500  feet  in 
stratigraphic  thickness  but  the  bedding  is  poorly  de- 
fined. The  three  foregoing  units  most  probably  corre- 
spond to  units  3,  4  and  5  of  the  type  section;  less 
probably  they  could  all  be  elements  of  map  unit  6. 
All  three  have  yielded  rock  used  in  manufacture  of 
Portland  cement  although  the  schist  is  fairly  high  in 
alkalies  and  some  of  the  limestone  is  magnesian. 

The  next  unit  in  the  homoclinal  sequence,  where  it 
should  be  in  contact  with  quartzite  of  unit  VIII  C,  is 
concealed  by  alluvium  and  artificial  fill  but  a  probable 
thickness  of  500  feet  is  thus  hidden.  The  authors  be- 
lieve this  interval  to  be  occupied  by  dark  quartz-mica 
schist  like  map  unit  VIII  B  and  that  the  quartzite  unit 
VIII  C  lenses  out  beneath  fill  leaving  units  VIII  B  and 
VIII  D  in  contact  with  one  another. 

Continuing  northeast  across  the  homocline  the  next 
unit  exposed  is  massive,  blue-gray  crystalline  limestone 
(map  unit  VIII  E)  250  to  300  feet  thick.  Although 
this  limestone  is  notably  thicker  than  any  of  the  lenses 
present  in  map  unit  6  in  areas  I  and  II,  it  most  prob- 
ably is  the  thickened  equivalent  of  the  most  persistent 
limestone  subunit  present  in  map  unit  6  of  map  areas 
I  and  II.  Map  unit  VIII  E  has  yielded  limestone  suit- 
able for  lime  and  for  sugar  refining  and  much  of  it  is 
usable  for  portland  cement.  Thus  far  it  has  not  been 
used  extensively  for  cement  because  more  suitable 
deposits  were  available. 

Map  unit  VIII  F  is  a  dark-brown  to  black  quartz- 
mica  schist  similar  in  all  respects  to  map  units  VIII  B, 
VIII  D  and  6a.  Nowhere  does  it  exceed  100  feet  in 
thickness  and  thus  far  has  not  been  used  for  cement 
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rock  except  to  a  very  minor  extent  when  the  Original 
quarry  was  in  operation. 

Map  unit  VIII  G  is  best  exposed  in  the  vicinity  of 
the  Original  quarry.  Although  its  continuity  has  been 
disrupted  by  granitic  intrusions  it  can  hardly  have  ex- 
ceeded 200  feet  in  thickness.  The  rock  is  medium- 
grained,  blue-gray  limestone  similar  to  limestones 
found  in  map  unit  6(b).  During  the  initial  years  of 
operation  of  the  Oro  Grande  cement  plant  this  unit 
was  the  principal  source  of  supply,  but  the  magnesium 
content  proved  variable  and  granitic  intrusions  are 
troublesome.  The  economic  potential  of  unit  VIII  G 
is  believed  to  be  small. 

A  strip  of  massive,  off-white  quartzite  (map  unit 
VIII  H)  only  a  few  feet  wide  is  exposed  on  the  north 
wall  of  Oro  Grande  Canyon.  This  seems  to  overlie 
conformably  map  unit  VIII  G  but  as  it  is  almost  com- 
pletely overlapped  by  Pleistocene  alluvium  relation- 
ships are  uncertain. 

Map  units  VIII  D,  E,  F,  and  G  are  all  believed  to 
correlate  with  map  unit  6  of  the  type  section,  the  car- 
bonate subunits  having  thickened  by  vagaries  in  the 
original  sedimentation.  Map  unit  VIII  H  is  believed 
to  be  equivalent  to  map  unit  7  of  the  type  section. 

Map  Area  IX — The  Shay-Klondike  Block 

Map  area  IX  lies  south  of  the  Shay-Comet  fault  and 
west  of  the  Klondike  fault  system.  Overlapping  Pleis- 
tocene alluvium  provides  the  remaining  boundaries. 
Three  well  defined,  apparently  conformable  units  can 
be  recognized  in  the  Klondike  quarry  complex  and 
a  fourth  is  present  in  an  isolated  hill  west  of  the  Klon- 
dike quarries.  The  lowermost  unit,  map  unit  IX  A  is  a 
light-gray  quartz-mica-feldspar  gneiss— partly  a  grani- 
tised  aluminous  sediment  and  partly  a  sheared  intrusive 
granitic  rock.  An  occasional  thin  lens  of  limestone 
remains  in  it  and  there  are  small  patches  of  well- 
developed  lit-par-lit  (injection)  gneiss  in  it  as  well. 
Parts  of  the  mass  are  strongly  foliated  whereas  others 
are  crudely  lineated  or  gneissoid  and  consequently 
much  less  foliated.  The  quartz  content  ranges  from 
35  to  50  percent.  Orthoclase,  albite-oligoclase  and 
microcline,  in  that  order  of  abundance,  make  up  the 
bulk  of  the  remainder  of  the  rock.  Locally,  micas  make 
up  8  or  10  percent  of  the  rock  and  minor  accessory 
minerals  include  tourmaline,  apatite,  magnetite  and 
pyrite.  The  metasedimentary  parts  of  the  gneiss  most 
probably  are  the  severely  metamorphosed  equivalents 
of  map  unit  6  of  the  type  section;  less  probably  they 
could  be  equivalent  to  map  unit  2. 

Overlying  the  gneiss  unit  is  a  carbonate-rock  unit 
(map  unit  IX  B)  consisting  of  50  to  60  feet  of  white 
dolomite  at  the  base  overlain  by  350  to  450  feet  of 
massive,  medium-  to  coarse-grained  crystalline  lime- 
stone. This  carbonate-rock  unit  contains  minor  lenses 
and  horses  of  dark  schist  and  light  quartzite.  The  unit 
has  been  extensively  fractured  and  many  parts  dis- 
located by  minor  faults  of  the  Klondike  system. 


Map  unit  IX  C,  conformably  overlying  IX  B,  con- 
sists mainly  of  black  or  dark-brown  quartz-mica  schist 
and  greenish  calc-silicate  hornfels,  with  minor  inter- 
beds  of  blue-gray  limestone  and  brown  dolomite.  It 
probably  had  a  stratigraphic  thickness  of  400  to  500 
feet  but  has  been  badly  disrupted  by  faulting. 

Map  unit  IX  D,  found  only  in  the  isolated  hill  west 
of  the  Dent  mine,  consists  principally  of  rusty  weath- 
ering, green  calc-silicate  hornfels.  A  lens  of  blue-gray 
limestone  less  than  10  feet  thick  occurs  in  the  unit 
near  the  east  base  of  the  hill.  The  lower  or  east  contact, 
apparently  a  conformable  one,  is  against  the  gneiss  of 
map  unit  IX  A;  elsewhere  the  unit  is  overlapped  by 
Pleistocene  alluvium.  The  hornfels  of  map  unit  IX  D 
is  believed  to  be  a  lenticular  mass  enclosed  in  gneiss 
of  unit  IX  A. 

Identity  of  the  gneiss,  carbonate  and  schist  units  of 
map  area  IX  must  remain  uncertain.  The  carbonate 
rocks  may  well  correspond  to  subunits  of  map  unit  6 
(i.e.  6b)  which  were  thickening  by  deposition  in  a 
westernly  direction  and  thickening  could  have  been 
greatly  enhanced  during  folding  by  plastic  flow.  Less 
probably  the  carbonate-rock  unit  could  be  equivalent 
to  map  unit  3.  The  uppermost  schist  unit  (IX  C)  most 
probably  corresponds  to  map  unit  6a  although  it  might 
be  equivalent  to  map  unit  4  of  the  type  section. 

The  limestone  part  of  map  unit  IX  B  was  once  the 
principal  source  of  limestone  for  the  Oro  Grande 
cement  plant  and  still  supplies  part  of  its  requirements. 
Rock  from  the  gneiss  and  schist  units  has  only  been 
used  to  a  minor  extent  because  of  high  alkali  contents. 

Mop  Area  X — Sparkhule  Hill 

Sparkhule  Hill  is  an  isolated,  roughly  oval  mass 
elongated  northwest  which, occupies  about  190  acres. 
It  is  a  gently  folded  syncline  having  an  axial  trend  of 
N.  65°  W.'and  a  plunge  of  10°-15°  NW.  To  the 
north,  west  and  south  the  Oro  Grande  Series  in  Spark- 
hule Hill  is  overlapped  by  the  Triassic  (?)  Sidewinder 
Volcanic  Series  of  Bowen  (1954,  p.  42-53).  A  sill-like 
mass  of  metalatite  of  the  Sidewinder  Volcanic  Series 
intrudes  the  southwestern  part  of  the  hill  face.  Much 
of  the  hill  is  underlain  by  metalatite  and  quartz  mon- 
zonite  intrusions  (these  have  been  penetrated  by 
diamond  drill  holes).  Quartz  veins,  given  off  by  the 
granitic  intrusives,  penetrate  the  limestone  and  have 
proven  to  be  a  material  detriment  to  quarry  operations 
in  the  south  half  of  the  limestone  mass. 

Except  for  one  small  wedge  of  buff-weathering 
dolomite  cropping  out  low  on  the  southwest  flank  of 
Sparkhule  Hill,  the  Oro  Grande  Series  here  consists 
entirely  of  massive  crystalline  limestone  (map  unit  X). 
At  the  northwest  end  of  the  hill  the  limestone  is  fine- 
grained, black,  and  graphitic,  but  the  rock  grades  ir- 
regularly to  the  southeast  from  black  through  blue- 
gray  to  nearly  white.  Correspondingly,  the  grain  size 
increases  from  fine  to  medium-coarse.  These  clearly 
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are  contact  metamorphic  effects  derived  from  the 
granitic  rocks  below.  The  limestone  ranges  in  thick- 
ness from  240  feet  to  more  than  700  feet  in  various 
parts  of  the  syncline  because  of  the  presence  of  latitic 
and  granitic  intrusions.  The  maximum  thickness  has 
not  yet  been  revealed  by  drilling. 

Although  the  stratigraphic  relationships  between  the 
Sparkhule  Hill  limestone  unit  and  other  units  of  the 
Oro  Grande  Series  has  not  yet  been  revealed  by  drill- 
ing, the  unit  most  closely  resembles  map  unit  3  of  the 
type  section— appearance,  thickness,  and  chemistry 
considered.  Less  probably  it  could  correlate  with  map 
unit  8  of  map  areas  III,  IV  and  VI  and  there  is  a  re- 
mote possibility  that  it  correlates  with  some  part  of 
unit  6  of  the  type  section. 

The  small  septum  of  dolomite  cropping  out  on  the 
southwest  slope  of  Sparkhule  Hill  is  enveloped  by  in- 
truding metalatite  so  that  its  stratigraphic  relationship 
with  other  units  cannot  be  determined.  Most  probably 
it  is  a  locally  dolomitised  septum  of  the  main  lime- 
stone mass.  Less  probably  it  could  be  a  horse  of  dolo- 
mite broken  off  from  map  unit  1  and  moved  into  its 
present  position  by  faulting  done  prior  to  intrusion  of 
the  latite. 

The  limestone  in  Sparkhule  Hill  at  present  is  the 
main  source  of  supply  for  the  Oro  Grande  Cement 
plant  of  Riverside  Cement  Division  of  the  American 
Cement  Corporation. 

Recapitulation  of  the  Stratigraphy  of  the  Oro  Grande  Series 

From  the  foregoing  discussion  of  the  stratigraphy  of 
the  various  blocks  it  is  apparent  that  no  single  line- 
of-section  measurement  will  yield  the  probable  original 
thickness  relationships  in  the  Oro  Grande  Series.  The 
probable  original  thickness  of  each  unit  must  be  re- 
constructed after  due  consideration  of  the  present 
average  thicknesses  of  the  units  and  the  vagaries  of 
compression  and  probable  plastic  flow  undergone  by 
the  units  during  folding. 

It  should  also  be  apparent  that  no  single  fault  block 
or  map  area  contains  all  of  the  units  of  the  Oro  Grande 
Series  that  were  originally  present  in  the  Victorville- 
Oro  Grande  district.  A  complete  section  can,  however, 
be  reconstructed  if  it  is  assumed  that  the  upper  com- 
mercial quartzite  (map  unit  7)  of  the  type  section  in 
map  area  II  is  the  same  as  the  lowermost  unit  of  map 
area  VI.  The  first  6  units  of  map  area  II  (unit  7  in 
map  area  II  has  been  eroded)  plus  the  3  units  of  map 
area  VI,  therefore,  comprise  a  composite  section  of  9 
units  having  an  estimated  average  thickness  of  5160 
feet.  Our  conception  of  the  adjusted  stratigraphic 
makeup  of  the  Oro  Grande  Series  in  and  adjacent  to 
the  type  locality  appears  in  the  first  column  of  fig.  2. 

Age  of  the  Oro  Grande  Series 

The  age  of  the  Oro  Grande  Series  has  been  discussed 
at  length  by  Bowen  (1954,  p.  34).  Further  fossil 
material  was  not  obtained  during  this  investigation. 


Crinoid  and  brachiopod  debris  of  probable  Carboni- 
ferous age  was  found  by  Bowen  in  the  upper  part 
of  the  limestone  unit  in  Sparkhule  Hill  in  1954.  All  of 
the  meager  material  thus  far  found  in  the  Oro  Grande 
Series  indicates  a  probable  Carboniferous  age.  Seven 
miles  east  of  the  type  locality,  the  Oro  Grande  Series 
is  unconformably  overlain  by  the  Permian  Fairview 
Valley  Formation  so  it  is  doubtful  if  the  series  contains 
rocks  younger  than  Pennsylvanian.  The  lower  age 
limit  of  the  formation  is  still  unknown. 

The  Sidewinder  Volcanic  Series 

The  Triassic(?)  Sidewinder  Volcanic  Series  has  been 
described  at  length  by  Bowen  (1954,  p.  42-53).  In  the 
northeast  part  of  the  map  area  south  and  east  of  Spark- 
hule Hill  the  Sidewinder  Volcanic  Series  consists 
mainly  of  dark-gray  to  almost  black  latite.  Locally  a 
little  quartz  appears  and  the  rock  is  gradational  into 
quartz  latite  or  dacite.  Tuff,  intrusive  and  flow-rock 
facies  are  all  present.  In  the  vicinity  of  the  Atwood 
clay  deposits,  in  the  northeast  corner  of  the  map  area, 
there  is  an  arcuate  zone  of  strong  hydrothermal  altera- 
tion consisting  of  a  lower  belt  of  white,  kaolinized 
latite  and  dacite  50  to  100  feet  thick  and  an  overlying 
belt  of  pinkish  gray,  silicified  volcanic  rock  100  to 
200  feet  thick.  This  resembles  fine-grained  quartzite. 
Relict,  uncompletely  silicified  parts  of  this  quartz  rock 
indicate  that  it  was  originally  dacite  or  rhyolite  con- 
taining quartz  and  feldspar  phenocrvsts.  The  replacing 
silica  in  the  upper  zone  came  from  breakdown  of  the 
feldspars  in  the  kaolinized  part  of  the  zone. 

Rocks  of  the  Sidewinder  Volcanic  Series  intrude  and 
overlap  both  the  Oro  Grande  Series  and  the  uncon- 
formably overlying  Permian  Fairview  Valley  Forma- 
tion (Bowen,  1954,  p.  36-53).  All  of  these  units  are 
intruded  by  granitic  rocks  of  Early  Cretaceous  or  Late 
Jurassic  age.  Consequently,  the  Sidewinder  Volcanic 
Series  is  younger  than  Permian  and  older  than  mid- 
Cretaceous.  These  and  similar  pre-granitic  rocks  are 
generally  regarded  as  Triassic  (Gardner,  1940;  Haz- 
zard,  et'al,  1937;  Bowen,  1954). 

Granitic  Rocks 

The  granitic  rocks  of  the  Victorville-Oro  Grande 
district  have  been  described  at  length  by  Bowen  (1954, 
p.  53-76)  and  will  only  be  touched  upon  here.  Biotite 
quartz  monzonite  is  the  principal  intrusive  rock  and 
the  only  variety  found  in  large  intrusions  within  the 
map  area.  It  is  a  light-colored,  coarse-grained  rock 
that  was  intruded  in  a  relatively  dry  state.  Many  hun- 
dreds of  feet  of  contact  between  quartz  monzonite  and 
carbonate  rocks  show  no  development  whatever  of 
contact  silicates  in  the  carbonate  rock.  The  quartz 
monzonite  is  best  exposed  on  the  south  and  southwest 
slopes  of  Quartzite  Mountain  and  on  the  adjacent 
pediment.  There  it  cuts  off  both  folds  and  faults  in  the 
Oro  Grande  Series. 
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Black  or  dark  gray-green  hornblende-quartz  diorite 
dikes  and  sills  cut  the  Oro  Grande  and  Sidewinder 
rocks  in  numerous  places.  These  are  only  a  few  feet 
or  a  few  tens  of  feet  thick.  Many  must  have  been  in- 
truded with  accompanying  evolution  of  hydrous  gases, 
as  fairly  extensive  silicated  zones  have  developed  in 
carbonate  rocks  near  the  larger  intrusions.  In  some 
instances  magnesium  has  been  introduced  or  at  least 
mobilized  by  the  emanations  causing  local  late  dolo- 
mitization  of  limestones. 

Aplite  and  pegmatite  dikes  and  irregular  intrusions 
satellitic  to  the  quartz  monzonite  also  penetrate  the 
Oro  Grande  and  Sidewinder  Volcanic  Series.  Some 
consist  predominantly  of  quartz  and  potash  feldspar 
whereas  others  approach  the  mineral  proportions  of 
the  parent  quartz  monzonite.  Biotite  and  muscovite 
are  common  accessories;  tourmaline,  ilmenite  and  other 
minor  accessories  are  rare  or  absent.  Quartz  veins  com- 
monly are  associated  with  granitic  intrusions  particu- 
larly under  the  south  half  of  Sparkhule  Hill. 

The  quartz  monzonite  intrusions  of  the  Victorville- 
Oro  Grande  district  almost  certainly  correlate  with 
other  quartz  monzonite  masses  in  the  Granite  Moun- 


tains southeast  of  Victorville.  A  specimen  of  quartz 
monzonite  from  the  Granite  Mountains  has  been  dated 
by  the  lead-alpha  method  at  116  million  years  (Jaffee, 
H.  W.,  et  al.,  1959).  By  the  Holmes  "B"  time  scale 
this  would  be  of  Early  Cretaceous  age.  As  the  quartz 
monzonites  and  their  aplitic  and  pegmatitic  satellites 
are  the  youngest  granitic  rocks  in  the  district,  the  pre- 
quartz  monzonite  granitic  rocks  may  well  be  of  Jur- 
assic age.  Determinations  have  not  yet  been  made  on 
any  of  these. 

Quaternary  Deposits 

The  Oro  Grande  Series  is  overlapped  and  masked  at 
numerous  places  by  alluvium  and  fanglomerate.  An 
older  uplifted  and  partly  dissected  alluvial  formation 
containing  scattered  vertebrate  remains  (Bowen,  1954, 
p.  91)  is  of  upper  Pleistocene  age.  Contemporary  ag- 
grading surfaces  are  easily  separated  from  the  Pleisto- 
cene alluvial  fans  although  lithologically  there  is  little 
difference  between  the  two.  Fragments  of  virtually  all 
of  the  older  rock  units  in  this  part  of  the  Mojave 
Desert  are  found  in  both  the  Pleistocene  and  Recent 
alluvial  deposits. 


Structure 


The  Oro  Grande  Series  was  folded,  severely  de- 
formed, complexly-faulted,  and  eroded  prior  to  em- 
placement of  the  Sidewinder  Volcanic  Series  and 
intrusion  of  the  granitic  rocks.  These  events  could 
have  been  part  of  a  local  disturbance  related  to  the 
end-Paleozoic  or  Appalachian  Revolution  or  they 
could  be  early  episodes  in  the  mid-Mesozoic  Nevadan 
Revolution.  The  age  of  the  Sidewinder  Volcanic 
Series  is  not  sufficiently  well  determined  to  establish 
the  age  of  this  orogeny. 

West  of  the  present  location  (and  projection)  of 
the  Central  Ridge  fault,  a  series  of  tightly-compressed, 
northwest-trending  folds  developed  consisting  of  at 
least  three  synclines  and  three  anticlines.  Two  of  the 
anticlines  were  ruptured  and  displaced— one  by  the 
Klondike  fault,  and  one  by  the  Quartzite  Mountain 
fault. 

The  vertical  Central  Ridge  fault  is  the  line  of  de- 
marcation between  the  series  of  northwest-trending 
folds  and  an  area  in  which  the  fold  limbs  strike  north- 
east. In  order  to  bring  into  contact  units  oriented  90° 
from  one  another,  a  large  lateral  displacement  as  well 
as  considerable  rotation  must  have  taken  place  along 
the  Central  Ridge  fault.  Furthermore,  disposition  of 
the  faulted  units  in  the  various  blocks  is  such  that 
considerable  lateral  and  some  rotational  movement 
must  have  taken  place  along  nearly  all  of  the  north- 


northwest-trending  faults.  These  movements  can  best 
be  accounted  for  by  assuming  a  shift  of  opposing 
compressional  force-vectors,  from  an  original  south- 
west-northeast direction,  roughly  perpendicular  to  the 
fold  axes,  counter-clockwise  to  a  more  northerly  direc- 
tion oblique  to  the  original  fold  axes.  Major  shear 
parallel  or  slightly  oblique  to  the  original  fold  axes 
would  almost  inevitably  result  from  such  a  shift  of 
forces.  The  Klondike,  Quartzite  Mountain,  Central 
Ridge,  Amazon  and  East  End  faults  almost  certainly 
are  related  to  the  same  deformation. 

Some  time  later,  but  still  prior  to  emplacement  of 
the  Sidewinder  Volcanic  Series  and  granitic  rocks,  the 
northwest  and  north-trending  structures  were  trun- 
cated by  the  well  exposed  Shay-Comet  fault  zone  and 
the  concealed  and  therefore  hypothetical  Railroad 
Grade  fault. 

Still  later  than  the  Railroad  Grade  and  Shay-Comet 
faulting,  later  than  emplacement  of  the  Sidewinder 
Volcanic  Series  and  granitic  rocks,  but  prior  to  de- 
position of  the  late  Pleistocene  alluvium,  overthrusting 
took  place— probably  from  the  north.  Along  the  north- 
east foot  of  Quartzite  Mountain,  plate-remnants  hav- 
ing base-surface  (or  sole)  dips  as  low  as  20°  north 
over-ride  the  steep-dipping,  northwest  trending  map 
units  of  the  type  section  described  previously.  At  least 
three  and  probably  four  map  units  of  the  Oro  Grande 
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Series  were  involved  in  the  thrusting  and  several  im- 
bricated plates  probably  were  produced.  The  con- 
figuration of  the  Macks  Peak  plate  indicates  that  it  was 
probably  folded  prior  to  being  eroded.  Erosion  has  re- 
moved most  of  the  plates  except  for  seven  or  eight 
remnants.  Whether  elements  of  the  Sidewinder  Vol- 
canic Series  or  the  granitic  rocks  were  involved  in  the 
thrusting  cannot  be  ascertained  because  of  masking 
alluvium. 

Several  minor  faults  came  into  being  later  than  the 
time  of  thrusting,  as  two  of  the  plate-remnants  have 
been  cut  by  such  faults— the  Jessie  fault  and  the  fault 
cutting  the  west  border  of  Southwestern  Portland  Ce- 
ment Company's  Quarry  12. 

Folds 

Quartziie  Mountain  Synclinorium 

The  Quartzite  Mountain  synclinorium,  containing 
the  type  section  of  the  Oro  Grande  Series,  is  bordered 
on  the  west  by  the  Quartzite  Mountain  fault  and  on 
the  east  by  the  Central  Ridge  fault.  On  the  southeast 
it  is  engulfed  by  quartz  monzonite  and  on  the  north- 
wcst  is  over-ridden  by  the  Quarry  12  thrust.  At  ridge 
crest  its  axis  bends  from  a  course  of  N.  23°  W.  to 
one  N.  52°  W.  and  it  pitches  10-15°  NW.  Dips  are 
notably  steeper  on  the  east  limb  than  on  the  west  and 
the  units  there  are  more  tightly  compressed.  An  asym- 
metry is  thus  produced  that  is  not  exhibited  by  the 
other  northwest-trending  folds.  The  principal  schist 
unit  (6)  has  been  severely  reduced  in  thickness  on  the 
east  limb,  apparently  because  of  compression  between 
the  thick,  competent  quartzite  members,  and  corres- 
pondingly thickened  on  the  west  limb  (see  structure 
section  AA'). 

In  the  axial  region  of  the  syncline  west  of  the  sum- 
mit of  Quartzite  Mountain,  the  s-surfaces  of  the  schist 
are  strongly  grooved  and  lineated.  These  striations 
pitch  moderately  northwest  parallel  to  the  fold  axis. 
Boudinage  structures,  and  mullion  structures  of  both 
cleavage  and  boudinage  types  (see  DeSitter,  1956,  p. 
89)  are  conspicuous  in  this  vicinity. 

A  minor,  partly  fault-displaced  crenulation  occurs 
along  the  synclinal  axis  close  to  the  over-riding  thrust 
plate  south  of  Quarry  12. 

Syncline  and  Anticline  West  of  the  Quartziie  Mountain  Fault 
(Map  area  1) 

The  syncline  is  a  fairly  broad,  open,  uncomplicated 
fold  striking  N.  60°  W.'and  pitching  about  20°  NW. 
Like  the  Quartzite  Mountain  syncline  it  is  over-ridden 
from  the  north  by  the  Quarry  12  thrust  and  is  en- 
gulfed on  the  southeast  by  quartz  monzonite. 

The  adjoining  anticline,  occupying  the  valley  be- 
tween the  Quartzite  Mountain  group  of  hills  and  the 
ridge  containing  the  Atlas  and  Klondike  quarries,  is 
also  a  broad,  open,  uncomplicated  fold  striking  N.  60° 
W.  and  pitching  moderately  northwest.  Part  of  its 


course  is  masked  by  alluvium  and  much  of  the  struc- 
ture is  intruded  by  quartz  monzonite. 

Atlas  Syncline 

The  Atlas  syncline  occupies  the  ridge  north  of  the 
Atlas  silica  quarry  at  the  west  side  of  map  area  I.  It  is 
a  slightly  asymmetrical  fold  striking  N.  38°  W.  and 
pitching  very  gently  northwest.  Dips  on  the  east  limb 
are  steeper  than  those  on  the  west  and  the  axial  plane 
appears  to  dip  slightly  to  the  northeast.  Little  further 
can  be  said  about  this  fold  as  the  stratigraphic  units  are 
not  well  exposed  on  the  east  limb  and  the  west  limb  is 
broken  up  and  parts  are  displaced  by  faults  of  the 
Klondike  system.  A  better  picture  of  the  west  limb  of 
the  syncline  will  be  had  after  the  Riverside  Cement 
Company  completes  removal  of  the  slide  which  masks 
the  east  wall  of  the  main  Klondike  quarries. 

Homocline  Northeast  of  Central  Ridge  Fault 

All  of  the  fault  blocks  to  the  northeast  of  the  Cen- 
tral Ridge  fault  appear  to  be  displaced  elements  of  a 
single  northeast-striking,  northwest-dipping  homo- 
cline. Whether  this  homocline  was  one  limb  of  a  large, 
northeast-trending  anticline,  the  crest  of  which  has 
been  obliterated  by  quartz  monzonite  intrusions,  or 
whether  it  was  simply  a  single,  tilted  block  prior  to 
the  cross-faulting  cannot  definitely  be  ascertained.  The 
probability  of  it  being  the  limb  of  a  former  fold  is 
considerably  greater  than  the  probability  of  a  single 
tilt-block. 

Faults 

Klondike  Fault  System 

The  several  breaks  that  displace  the  rocks  in  and 
southeast  of  the  Klondike  quarries  are  here  designated 
the  Klondike  fault  system.  It  has  a  general  northwest 
trend  but  several  of  the  branches  or  segments  thereof 
have  sinuous  or  arcuate  traces.  The  most  persistent 
break,  which  passes  along  the  east  side  of  the  Klondike 
quarries,  dips  60°-70°  to  the  southwest.  Other  asso- 
ciated shear  planes  are  nearly  vertical.  The  senses  of 
the  various  displacements  are  obscure.  Quarry  opera- 
tions have  undercut  the  hanging  wall  side  of  the  east- 
boundary  fault  so  that  by  June  1960  the  mass  had 
broken  up  and  was  sliding  down  the  dip  of  the  fault 
surface  toward  the  floor  of  the  main  pit.  Ultimately 
this  slide  rock  will  be  removed  for  use  in  the  cement 
plant  at  Oro  Grande  and  the  synclinal  footwall  side 
will  be  exposed.  The  branch  of  the  fault  system  which 
roughly  borders  the  west  wall  of  the  main  Klondike 
quarry  becomes  a  bedding  fault  and  either  dies  out  to 
the  northwest  or  else  cannot  be  traced  because  of 
debris  on  the  quarry  floor.  The  branch  that  borders 
the  Atlas  silica  quarry  on  the  northeast  likewise  ap- 
pears to  pass  into  a  bedding  fault  and  dies  out.  The 
whole  fault  zone  is  so  complexly  displaced  that  only 
the  larger  features  can  be  shown.  Granitic  rocks  have 
been  intruded  along  some  of  the  fault  planes.  The  sys- 
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tern  is  truncated  on  the  northwest  by  the  Shay-Comet 
fault  zone  and  dies  out  to  the  southeast  in  gneiss  and 
quartz  monzonite. 

Quartzite  Mountain  Fault 

The  Quartzite  Mountain  fault  is  represented  by  a 
single,  sinuous,  nearly-vertical  fault  plane  cut  off  on 
the  south  by  quartz  monzonite  and  concealed  on  the 
north  by  quarry  waste  and  alluvium.  Its  trace  lies 
somewhere  near  the  crest  of  a  former  anticline  but 
there  apparently  has  been  right-lateral  movement  on 
it  of  at  least  2,000  feet  (judging  by  displacement  on 
the  lower  quartzite  unit).  The  vertical  component 
can  hardly  have  been  more  than  a  few  hundred  feet 
judging  from  the  disposition  of  carbonate  subunits  in 
map  unit  6.  Little  or  no  breccia  is  to  be  seen  along 
the  trace. 

Central  Ridge  Fault 

As  the  exposed  strike  length  of  the  Central  Ridge 
fault  is  less  than  2,000  feet,  information  on  it  is  limited. 
Both  the  horizontal  and  vertical  displacement  com- 
ponents must  be  several  thousand  feet  in  order  to 
create  an  angular  strike  difference  of  90°  between 
stratigraphic  units  of  map  areas  II  and  III.  The  fault 
plane  is  essentially  vertical  and  is  a  single  break  where 
well  exposed.  Both  northwest  and  southeast  extremities 


are  masked  by  alluvium  but  its  southern  end  is  almost 
certainly  cut  off  beneath  the  alluvium  by  quartz  mon- 
zonite. 


Amazon  Fault 

The  Amazon  fault  is  conspicuously  exposed  on  the 
north  slope  of  the  Coxcomb  Ridge  east  of  the  Central 
Ridge  fault  and  is  well  exposed  along  the  west  wall  of 
Southwestern  Portland  Cement  Company's  quarry  no. 
2.  It  is  a  vertical  fault  of  small  normal  displacement— 
probably  on  the  order  of  200  feet.  The  lateral  dis- 
placement, if  any,  is  small.  Both  ends  are  concealed 
by  alluvium. 


East  End  Fault 

The  East  End  fault  cuts  the  east  extremities  of 
Coxcomb  Ridge.  It  brings  into  contact  and  truncates 
subunits  of  sequences  which  differ  considerably  on 
opposite  sides  of  the  fault.  Both  horizontal  and  vertical 
components  of  movement  may  well  be  several  thou- 
sands of  feet.  Although  both  ends  of  the  fault  trace 
are  covered  by  alluvium,  the  East  End  fault  is  almost 
surely  cut  off  by  the  Railroad  Grade  fault  on  the 
north  and  by  quartz  monzonite  on  the  south. 


mike  limestone  quarry  of 
e  Riverside  Cement  Division  of  the  American 
Cement  Corporation  near  Oro  Grande,  in 
March  1960  (observer  facing  southeast).  The 
mass  of  broken  slide  rock,  which  is  chiefly  lime- 
stone, is  being  removed  to  supply  part  of  the 
cement  plant  requirements.  It  is  gradually  slid- 
ing down  one  of  the  surfaces  of  the  Klondike 
fault.  Quartzite  of  map  unit  7  occupies  the  left 


. 
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Railroad  Grade  Fault 

The  Railroad  Grade  fault  is  a  hypothetical  fault 
that  is  presumed  to  be  concealed  beneath  alluvium  and 
railroad-grade  fill.  Its  position  is  inferred  from  the 
disposition  of  rock  units  northeast  and  southwest  of 
the  railroad  spur  track.  South-trending  units  north  of 
the  railroad  swing  around  toward  the  west  and  do  not 
continue  south  of  the  alluvium  and  fill.  A  fault  of 
large  displacement,  possibly  right  lateral  in  sense,  is 
believed  to  be  present  as  shown  on  the  map  in  dotted 
contact. 

Quarry  12  Thrust 

Seven  and  possibly  eight  thrust-plate  remnants  have 
been  mapped  along  the  north  slopes  of  Quartzite 
Mountain  from  the  vicinity  of  Aiacks  Peak  east  to 
Central  Ridge.  With  the  exception  of  the  Macks  Peak 
remnant  which  has  been  considerably  warped  since 
emplacement,  the  rocks  in  these  remnants  strike  east 
and  dip  north  at  angles  ranging  from  15  to  30  degrees. 
They  over-ride  the  steeply-dipping  edges  of  the  north- 
west-trending series  of  strata.  In  some  places  the  con- 
tact is  marked  by  breccia;  in  others  breccia  is  negli- 
gible or  absent.  Macks  Peak  and  the  limestone  foreland 
(closely  adjacent  to  the  Oro  Grande  Canyon  road  on 
the  north)    consists  partly  of  limestone  breccia  and 


massive  limestone  thrust  over  granite  and  schist.  An 
arcuate  line  of  prospect  holes  sunk  along  the  northern 
edge  of  the  plate  and  extending  onto  the  peak  reveal 
5  to  15  feet  of  brecciated  quartz  monzonite  lying 
beneath  the  plate.  A  quarry  located  just  northeast  of 
the  junction  of  the  Oro  Grande  Canyon  and  Spark- 
hule  Hill  roads  shows  relatively  undisturbed  quartz 
monzonite  overlain  by  one  or  two  feet  of  green  fault 
gouge.  This,  in  turn,  is  overlain  by  limestone  breccia. 
South  of  quarry  12  a  flatiron  of  limestone  over-rides 
the  upturned  edges  of  northwest-striking,  southwest- 
dipping  quartzite  and  schist.  Like  relationships  exist  at 
the  plate  remnants  lying  east  of  the  flatiron.  At  the 
north  end  of  Central  Ridge  part  of  an  overturned  fold 
in  the  basal  dolomite  member  of  the  type  section  has 
been  overthrust  along  the  fold  axis. 

West  and  across  the  canyon  from  the  Quarry  12 
flatiron  a  nearly  flat-based  mass  of  quartzite  of  the 
upper  commercial  quartzite  (map  unit  7)  has  been 
thrust  over  an  east-striking,  45°  south-dipping  homo- 
cline  of  schist  and  limestone.  Along  the  south  contact 
this  mass  also  over-rides  part  of  its  own  unit  as  well. 
From  the  disposition  of  the  persistent  limestone  sub- 
unit  in  the  principal  schist  of  map  area  I  (see  the 
geologic  map)  there  is  a  strong  suggestion  that  the 
still  larger  quartzite  mass  lying  southwest  of  the  one 


Photo  7  (right)..  A  view  of  the  south  wall  of 
the  Shay  cement-rock  quarry,  as  seen  March 
I960,  observer  facing  southeast.  A  slickensided 
surface  of  one  of  the  faults  of  the  Klondike 
system  may  be  seen  in  the  right  middleground, 
in   shadow. 
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Photo  8.  The  Shay-Comet  fault  zone  as  seen  facing  east  from 
the  top  of  the  northface  of  the  Shay  quarry.  Horses  of  schist, 
quartzite,  and  limestone,  separated  by  slickensided  fault  sur- 
faces, form  the  steep-dipping   bands  in   the  east  face. 
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Photo  9.      A  closer   view  of  the  Shay-Comet  fault  zone 
same  face  shown   in  photo  8. 


Photo   10.      The    northwest     end    of    Quartztte    Mountain,    o 
server   facing    northwest,   showing    map    units   3,   4,   5,   6,   and 
passing  beneath  the  thrust  plate  of  map   unit  VIIA. 
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Photo  12.  The  bleached,  crushed,  basal  part  of  the  Macks  Peak  plate 
of  the  Quarry  12  thrust  as  exposed  in  a  borrow  pit  close  to  the  northeast 
junction  of  the  Sparkhule  Hill  and  Oro  Grande  Canyon  roads.  The  caliche- 
stained  greenish  gouge  lies  along  the  contact  of  limestone  (above)  and 
quartz  monzonite  (below).   Photo  taken   in  March   1960. 


thrust  lying  on  the  steep  upturned  edges  of  map  unit  2  low  on  the  northeast  slope  of  Quartzite 
Mountain.  The  contact  and  the  designation  of  the  units  are  shown  in   black-line. 
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just  described  is  also  a  plate  remnant.  A  careful  survey 
of  the  lower  contact  of  the  larger  quartzite  mass,  how- 
ever, did  not  reveal  sufficient  attitudes  in  the  quartzite 
and  adjacent  schist  to  prove  this  suggestion. 

Jessie  and  Sugar  Rocfc  Quarry  Faulfs 

A  fault  of  small  displacement,  here  designated  the 
Jessie  fault,  cuts  the  Shay-Comet  fault  2000  feet  south 
of  Jessie  Saddle.  Whether  or  not  the  fault  extends  as 
far  north  as  Jessie  Saddle  could  not  be  determined 
because  granitic  bedrock  there  is  deeply  weathered 
and  partly  masked  by  mantle  and  alluvium.  Movement 
along  it  must  have  been  predominantly  right  lateral 
because  an  east-striking,  south  dipping  limestone  bed 
now  shows  a  normal  horizontal  separation  of  200  feet. 
Neither  normal  nor  rotational  movement  alone  could 
account  for  this  separation  although  both  could  have 
contributed  to  the  displacement.  The  fault  apparently 
dies  out  to  the  south  as  it  does  not  appear  to  have 
offset  the  southern  edge  of  one  of  the  quartzite  plate 
remnants  whereas  the  northern  edge  of  the  same  plate 
remnant  has  been  dropped  at  least  50  feet  long  the 
fault. 

Another  indication  of  the  kind  of  movement  that 
has  taken  place  along  the  Jessie  fault  should  have  been 
provided  by  the  amount  of  offset  on  the  Shay-Comet 
fault  zone.  This  fault  zone  is  well  exposed  in  a  cement- 
rock  quarry  just  west  of  the  Jessie  fault  but  to  the 
east  of  the  Jessie  fault,  exposures  are  poor  and  the 
projection  of  the  zone  could  not  be  located.  The  al- 
ternative possibilities  of  movement  are  discussed  under 
the  Shay-Comet  fault. 

A  fault  of  normal  type,  which  we  have  named  the 
Sugar  Rock  Quarry  fault  drops  the  west  boundary  of 


the  Quarry  12  flatiron  down  against  the  quartzite  of 
map  unit  7.  This  fault  cuts  the  west  wall  of  Quarry  12 
and  the  east  side  of  the  smaller  sugar  rock  quarry  that 
adjoins  Quarry  12  on  the  west. 

Shay-Comet  Fault  Zone 

The  Shay-Comet  fault  zone  is  strikingly  exposed  in 
quarry  walls  east  of  the  Shay  quarry,  in  the  Comet 
quarry  east  of  the  Atlas  mine  road,  and  in  several 
small  shale  pits  south  of  the  junction  of  the  Oro 
Grande  Canyon  and  Sparkhule  Hill  roads.  It  is  a  verti- 
cal zone  50  to  250  feet  wide  in  which  lenticular  horses 
of  schist,  quartzite  and  carbonate  rocks  are  aligned  in 
a  general  direction  of  N.  65°  E.  It  truncates  the  north- 
west-trending fold  and  fault  structures  of  map  area  I 
and  northwest-trending  units  in  the  Klondike  quarries 
are  dragged  toward  the  west  adjacent  to  the  fault. 
This  suggests  left-lateral  movement  on  the  Shay-Comet 
fault.  The  width  of  the  fault  zone,  the  variety  of  rock 
types  in  it,  and  the  areal  distribution  of  the  probable 
parent  units  suggest  that  the  vertical  and  horizontal 
displacement  components  are  large. 

As  mentioned  in  discussion  of  the  Jessie  fault,  one 
of  the  problems  in  connection  with  the  Shay-Comet 
fault  is  that  its  projection  east  of  the  Jessie  fault  can- 
not be  even  approximately  located.  Being  a  strike  fault 
it  could  easily  have  died  out  along  minor  slips  parallel 
to  the  strike  of  the  beds  and  hence  be  hard  to  recog- 
nize. Also,  major  movement  may  well  have  been  taken 
up  along  an  en  echelon  fracture  zone  concealed  be- 
neath the  alluvium  of  the  bottom  of  Oro  Grande 
Canyon.  Unfortunately,  the  critical  areas  are  either 
poorly  exposed  or  entirely  masked  by  debris. 


Nonmetallic  mineral  deposits 


Rock  units  of  the  Oro  Grande  Series  near  Victor- 
ville  have  yielded  many  millions  of  tons  of  limestone, 
quartzite  and  quartz-mica  schist  for  industrial  pur- 
poses, mostly  in  the  manufacture  of  portland  cement. 
Limestone  from  the  mapped  area  also  is  or  has  been 
used  for  specialty  products  such  as  white  carbonate 
fillers,  rock  for  processing  of  sugar  beets,  and  rock  for 
lime  manufacturing.  Up  to  1955  quarries  in  the  dis- 
trict furnished  most  of  the  quartzite  required  in  manu- 
facture of  the  silica  brick  produced  in  southern  Cali- 
fornia. The  following  discussion  deals  principally  with 
the  district's  resources  of  industrial  minerals— lime- 
stone, dolomite,  quartzite  and  miscellaneous  materials 
required  by  the  cement  plants.  Deposits  in  the  Oro 
Grande  Series  have  also  yielded  small,  although  at 
times  important  amounts  of  gold,  silver,  copper  and 
lead.  These,  as  well  as  certain  deposits  of  white  clay, 


are  of  hydrothermal  origin  and  the  host  rocks  are 
units  of  the  Oro  Grande  Series,  the  Sidewinder  Vol- 
canic Series  or  the  granitic  rocks.  These  deposits  are 
briefly  summarized  in  the  tabulated  list  to  complete 
the  economic  picture  of  the  district,  although  they 
are,  in  1964,  largely  idle  properties. 


Industrial  Raw  Material  Requirements  in  the 
Victorville-Oro  Grande  District 
Portland  Cement 

The  principal  raw  material  consumed  by  portland 
cement  manufacturing  plants  is  limestone.  It  can  con- 
tain a  very  considerable  amount  of  silica  and  alumina 
as  these  ingredients  are  necessary  in  the  cement  mix. 
Magnesia,  however,  is  objectionable  as  it  causes  the 
finished  cement  to  set  erratically.  Ordinarily,  limestone 
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that  contains  more  than  3  percent  MgO  cannot  be  used 
for  portland  cement.  Alkalies  (K20,  Na20)  are  also 
objectionable  in  cement  raw-material  as  they  may 
react  with  poor  quality  aggregate  in  concrete  and 
cause  disruptive  reactions  in  the  concrete.  A  maximum 
of  only  0.6  percent  total  alkalies  in  the  finished  cement 
is  tolerated  at  most  cement  plants. 

A  wide  variety  of  materials  are  used  in  the  Victor- 
ville-Oro  Grande  district  to  provide  the  alumina  and 
silica  required  in  the  cement  mix  but  not  ordinarily 
present  in  the  limestone.  These  include  schist,  quartz- 
ite,  alluvium  and  even  granitic  rocks.  Commonly  the 
alkali  content  of  these  materials  greatly  limits  the 
proportions  that  can  be  used.  The  relatively  pure 
quartzites  of  the  district  have  been  extensively  used 
as  supplemental  sources  of  silica  at  the  local  plants. 
Intermittently,  quartzite  is  exported  from  the  district 
to  other  cement  plants  in  southern  California. 

Iron  oxide,  commonly  not  present  in  cement  raw 
materials  in  the  desired  proportion,  is  obtained  from 
a  variety  of  materials  such  as  mill  scale,  iron  ore  or 
pyrite  cinder.  These  are  obtained  largely  from  sources 
outside  the  district.  Pyrite  cinder  is  most  widely  used. 

The  raw  materials  are  finely  ground,  blended  in  the 
desired  proportions  and  calcined  in  rotary  kilns.  The 
kiln  product,  a  nodular  clinker,  is  finely  ground  and 
intermingled  with  2  or  3  percent  of  rock  gypsum  to 
form  finished  cement.  Gypsum  comes  from  sources 
outside  of  the  Victorville-Oro  Grande  district. 

Kiln  feeds  in  general  fall  within  the  following  analy- 
sis range  dry  basis: 

Percent 

CaO    __  42-44 

SiOa    _ .   13-15 

AIjOj    4-6 

Fe203    2-3 

CO* 33-35 

Others  up  to  3 

Most  of  the  cement  materials  quarried  in  the  Victor- 
ville-Oro Grande  district  are  consumed  locally  by  the 
Southwestern  Portland  Cement  Company  mill  at  Vic- 
torville  and  the  Riverside  Cement  Division  of  the 
American  Cement  Corporation  at  Oro  Grande.  Inter- 
mittently, quartzite  is  shipped  to  cement  plants  in 
Riverside  County. 

lime 

Lime  was  an  important  product  in  the  Victorville- 
Oro  Grande  district  up  to  about  1910,  when  portland 
cement  replaced  lime  for  many  construction  purposes. 
Lime  is  not  now  being  produced  in  the  district. 
Limestone  for  high-calcium  lime  should  contain  97  to 
98  percent  CaCO:i.  Magnesian  limestone  for  special 
plaster  limes  commonly  contains  1 1  percent  Mgo  and 
a  correspondingly  lower  lime  content.  For  use  in  ver- 
tical (Belgian  type)  kilns,  limestone  must  retain  its 
lump  form  throughout  calcination.  Limestone  suitable 
for  nearly  all  classes  of  lime  manufacturing  are  present 
in  the  district. 


Sugar  Beef  Processing 

Limestone  for  the  sugar  beet  processing  industry 
was  quarried  near  Oro  Grande  intermittently  until 
about  1914.  Substantial  reserves  of  limestone  suitable 
for  this  purpose  remain  in  the  district  but  are  not  now 
being  quarried.  Most  plants  require  limestone  that  re- 
tains its  lump  form  throughout  calcination.  Silica  must 
must  not  exceed  1  percent  nor  magnesia  more  than 
4  percent.  Graphitic  impurities  are  objectionable  and 
some  plants  limit  the  iron  content  to  0.5  percent. 

Silica  Refractories 

Silica  brick  is  an  acid  refractory  having  considerable 
strength  at  high  temperatures.  It  is  used  for  the  roofs 
of  open  hearth  steel  furnaces,  glass  melting  tanks  and 
similar  furnaces.  The  bricks  are  prepared  from  crushed 
and  graded  quartzite  mixed  with  a  few  percent  of  lime. 
They  are  calcined  carefully  for  many  hours  during 
which  the  quartz  changes  to  tridymite  and  cristobalite 
and  lime  combines  with  some  silica  to  form  a  glassy 
bond.  In  most  industries  the  trend  has  been  toward 
use  of  mineral  raw  materials  that  can  satisfy  ever  more 
exacting  specifications.  Silica  brick  producers  have 
been  induced  by  the  steel  industry  to  raise  the  soften- 
ing temperature  of  silica  brick.  Alkalies  have  been 
found  to  be  critically  deleterious  impurities  that  sub- 
stantially lower  the  softening  temperature  of  silica 
brick.  At  one  time,  quartzite  that  contained  enough 
fluxing  materials  to  form  the  glassy  bond  was  used,  but 
present  practice  is  to  use  the  purest  quartzite  available. 
Quartzite  for  standard  silica  brick  should  contain  a 
maximum  of  0.5  percent  of  alkalies  and  alumina  to- 
gether. Much  of  the  standard  silica  brick  produced  in 
California  has  been  made  from  quartzite  quarried  in 
the  Victorville-Oro  Grande  district. 

Since  1955,  however,  super  duty  silica  brick  has  been 
produced  in  California  and  has  displaced  standard  silica 
brick  in  the  steel  industry.  Quartzite  for  super  duty 
silica  brick  is  limited  to  a  maximum  of  0.25  percent  of 
combined  alumina  and  alkalies.  Most  of  the  quartzite 
from  the  Oro  Grande  district  does  not  meet  these 
specifications  and  consequently  is  no  longer  being  pro- 
duced for  this  purpose. 

White  Carbonate  Fillers 

The  white  crystalline  limestones  of  the  Victorville- 
Oro  Grande  district  have  been  used  in  a  wide  variety 
of  ground  filler-products  among  which  are  paint,  var- 
nish, paper,  ceramics,  floor  coverings  and  putty.  Desir- 
able characteristics  of  high-grade  white  fillers  are:  a 
high  degree  of  whiteness,  fine  particle  size  (commonly 
minus  325-mesh),  freedom  from  minerals  harder  than 
calcite,  and  as  high  a  chemical  purity  as  is  commen- 
surate with  the  prevailing  prices  and  competition.  Al- 
though dolomitic  limestones  and  dolomites  are  used  to 
make  white  fillers  in  some  parts  of  the  country,  the 
limestones  converted  to  filler  in  California  nearly  al- 
ways contain  96  percent  or  more  of  calcium  carbonate. 
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Many  consumers  require  a  product  that  does  not  ex- 
ceed 1  percent  of  material  retained  on  a  325-mesh 
screen.  For  ceramic  whiting,  consumers  commonly 
specify: 

CaCO.i  not  less  than  96  percent 
MgC03  not  more  than  1  percent 
FesOs  not  more  than  0.25  percent 
SiOs  not  more  than  2.0  percent 
SOa  not  more  than  0.1   percent 

A  content  of  98  percent  calcium  carbonate  is  com- 
monly required  by  paint  consumers  and  as  high  as  99 
percent  by  varnish  manufacturers.  Ground  limestone 
for  putty  should  contain  more  than  95  percent  CaC03, 
a  maximum  of  3.5  percent  of  insolubles,  not  more  than 
0.8  percent  AL03  and  a  particle  size  range  between 
15  and  50  microns. 

Dolomite 

Thus  far  there  has  been  only  intermittent,  small- 
volume  demand  for  the  various  grades  of  dolomite 
found  in  the  Victorville-Oro  Grande  district.  Dolomite 
was  first  used  as  a  building  stone.  At  various  times 
small  amounts  have  been  sold  as  a  basic  flux  in  steel 
manufacturing.  In  recent  years  it  has  been  used  mainly 
for  roofing  granules  in  which  color,  reasonably  high 
tenacity  and  opacity  are  the  chief  characteristics  that 
govern  utility.  Since  1942  the  largest  consumers  of 
dolomite  in  California  have  been  the  magnesia  refrac- 
tories industries,  but  as  none  of  these  plants  have  been 
established  in  the  vicinity  no  demand  yet  exists  at  Oro 
Grande  or  Victorville. 

For  steel  manufacturing  dolomite  is  seldom  accepted 
that  contains  more  than  5  percent  silica  (SiOo)  or 
more  than  2  percent  alumina  (AL03).  The  magnesia 
content  (MgO)  must  not  be  less  than  15  percent  and 
phosphorous  pentoxide  (P2Or,)  not  more  than  .005 
percent  to  .006  percent.  Dolomite  for  refractories 
should  exceed  18  percent  in  magnesia  and  silica,  alu- 
mina and  ferric  oxide  should  not  be  more  than  1  per- 
cent each.  At  some  plants  the  ferric  oxide  content  is 
held  to  less  than  0.5  percent;  at  others  much  less  rigid 
specifications  are  in  effect. 

Quarrying  Methods 

Limestone  Quarries.  Limestone  for  the  portland 
cement  plants  is  quarried  on  a  large  scale  at  low  cost. 
Benches  are  developed  by  blasting  rows  of  vertical 
holes,  and  power  shovels  load  the  broken  rock  into 
trucks.  The  shovel  operator  can  sort  out  and  discard 
large  pieces  of  waste  fairly  efficiently. 

In  recent  years  the  scale  of  operations  has  increased 
enormously.  Rotary  drills  have  replaced  wagon  and 
churn  drills.  Explosives  have  been  improved,  and 
larger  shovels  and  trucks  are  used  than  formerly. 
Present  practice  is  to  make  50-foot  benches  by  blasting 
6-inch  vertical  holes  made  with  rotary  drills.  Large 
electric  shovels  and  35-  to  40-ton  quarry  trucks  are 


used.  Riverside  Cement  Division  of  the  American 
Cement  Corporation  hauls  the  quarry-run  rock  about 
two  miles  over  a  paved  road  to  the  primary  crusher 
near  the  plant.  Southwestern  Portland  Cement  Com- 
pany's primary  crusher  is  at  the  quarry,  which  is  16 
miles  from  the  plant  and  connected  with  it  by  rail. 
Quartzite  Quarries.  The  quarries  have  been  oper- 
ated intermittently  on  a  fairly  large  scale  using  men 
and  equipment  usually  employed  elsewhere.  Quartzite, 
which  is  abrasive,  is  difficult  to  drill  and  is  damaging  to 
equipment.  Blast  holes  are  made  with  wagon  drills 
equipped  with  tungsten  carbide-tipped  steel. 

History  of  Operations 

Lime  Industry 

It  is  likely  that  the  lime  industry  at  Oro  Grande 
was  established  soon  after  the  Santa  Fe  Railroad  was 
completed  between  Los  Angeles  and  Needles,  about 
1884.  It  was  further  stimulated  by  a  building  boom  in 
southern  California  at  about  that  time.  Crossman 
(1890)  reports  that  there  were  8  stone  kilns  with  a 
combined  capacity  of  950  barrels  a  day  at  Oro  Grande 
in  1889  and  that  the  principal  quarry  measured  250 
feet  by  100  feet  by  60  feet.  Probably  the  industry 
consisted  of  a  number  of  very  small  operations  plus 
one  or  two  larger  ones,  and  the  plants  seem  to  have 
been  run  intermittently.  De  Groot  (1890,  p.  528) 
mentions  two  operations,  that  of  Oro  Grande  Lime 
Company,  and  that  of  Union  Lime  Company,  which 
also  had  operations  at  Tehachapi,  Kern  County.  These 
companies  obtained  stone  from  different  and  appar- 
ently widely  separated  quarries. 

With  the  opening  of  the  American  Beet  Sugar  Com- 
pany's factory  at  Chino,  San  Bernardino  County,  in 
1891,  sugar  rock  became  a  significant  product  of  the 
Oro  Grande  quarries.  In  1902,  however,  lime  was  still 
being  burned  by  the  Union  Lime  Company,  of  which 
F.  O.  Wyman  was  agent,  and  by  the  Red  Star  Line 
Company.  The  ruins  of  one  or  other  of  these  opera- 
tions still  remain  near  Riverside  Division's  newest  stack. 
What  became  of  the  Oro  Grande  Lime  Company  is 
not  clear.  Red  Star  operated  the  Summit  quarry  which, 
according  to  an  unpublished  report  written  by  H.  C. 
Cloudman  in  1913,  consisted  of  60  acres  in  section  9 
T.6N.,  R.4W.,  S.B.  By  1913  lime  burning  had  ceased. 
Red  Star,  which  became  Oro  Grande  Lime  and  Stone 
Company,  was  producing  limestone  for  the  sugar  in- 
dustry; and  the  American  Beet  Sugar  Company  also 
was  operating  the  Superior  quarry  in  a  nearby  110- 
acre  property.  Both  operations  were  discontinued 
about  1914. 

We  have  not  been  able  to  identify  in  the  field  the 
individual  quarries  that  supplied  the  various  early  op- 
erations. It  seems  likely  that  "the  large  quarry  nearest 
the  railroad"  (Aubury,  1906,  p.  78)  is  the  Original 
quarry.  Because  of  the  association  of  F.  O.  Wyman 
with  both  the  Union  Lime  Company  and  the  Golden 
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State  Portland  Cement  Company,  it  is  possible  that 
the  Original  quarry  was  worked  by  the  Union  Lime 
Company.  There  may  have  been  small  workings  in 
the  Klondike  area  also.  The  "upper  quarries"  (Aubury 
1906,  p.  78)  could  be  the  small  openings  along  Oro 
Grande  Canyon.  What  is  now  called  the  Sugar  Rock 
quarry  could  be  the  Superior  quarry  or  the  Summit 
quarry  or  both.  None  of  the  properties  listed  by 
Bailey  (1902)  was  patented. 

Portland  Cemenf  Industry 

The  Portland  cement  industry  did  not  assume  sig- 
nificant proportions  in  California  until  about  1900. 
The  limestone  deposits  in  the  Victorville-Oro  Grande 
area,  were  known  considerably  earlier;  and  their  po- 
tential value  was  recognized  by  men  who  were  inter- 
ested in  dimension-stone  and  lime.  Despite  the  fact  that 
there  was  a  steady  production  of  precious  metals  be- 
fore 1900,  metal  miners  in  this  area  seem  to  have 
played  no  part  in  the  development  of  the  nonmetallic 
mineral  resources.  The  first  cement  plant  in  the  dis- 
trict was  opened  at  Oro  Grande  in  1910  by  Golden 
State  Portland  Cement  Company— a  predecessor  to 
Riverside  Cement  Division  of  the  American  Cement 
Corporation.  The  Victorville  plant  of  Southwestern 
Portland  Cement  Company  began  production  in  1916. 

Golden  State  Portland  Cement  Company.  Some 
time  after  1902,  the  limestone  deposits  closest  to  Oro 
Grande  were  acquired  by  the  Wyman  Limestone 
Company.  The  Golden  State  Portland  Cement  Com- 
pany, F.  O.  Wyman,  President,  was  organized  with 
British  capital  (Utley,  1948),  and  in  1910  the  new 
company  completed  a  dry-process  cement  plant  of 
225,000  barrels  per  year  capacity.  It  had  a  single  kiln 
8  feet  in  diameter  and  125  feet  long.  Limestone  was 
obtained  from  the  Original  quarry  and  brought  to 
the  plant  by  rail.  Perhaps  there  was  a  quarry  in  the 
Klondike  area  too. 

The  operation  was  not  very  successful,  apparently. 
Tucker  (1921,  p.  336)  reported  that  in  1920  the  plant 
was  reopened  after  a  long  shutdown.  In  June  1923,  it 
was  sold  to  Riverside  Cement  Company.  Under  the 
new  management  it  was  enlarged  somewhat,  but  in 
1928  it  was  shut  down  again  and  remained  shut  until 
reopened  by  Riverside  Cement  Division  of  American 
Cement  Corporation  in  1942. 

Southwestern  Portland  Cement  Company .  The  lime- 
stone deposits  at  the  east  end  of  Quartzite  Mountain, 
and  also  deposits  near  Barstow  and  northeast  of  Victor- 
ville, were  located  by  Joseph  Scheerer  about  1900.  At 
that  time  the  Scheerer  family  had  one  of  the  granite 
quarries  at  the  Lower  Narrows  of  the  Mojave  River, 
3  miles  north  of  Victorville.  About  1914,  Scheerer  sold 
the  property  northeast  of  Victorville  to  the  Riverside 
Cement  Company,  which  even  then  had  long  range 
plans  for  a  cement  plant  in  the  Victorville-Oro  Grande 
area.  Southwestern  Portland  Cement  Company  bought 


the  deposits  at  the  east  end  of  Quartzite  Mountain  and 
on  September  1,  1916  completed  a  wet-process  plant 
of  300,000  barrels  per  year  capacity  near  Victorville. 

At  first,  quarrying  was  carried  out  with  a  churn  drill 
and  steam  shovel  that  loaded  broken  rock  directly  into 
railroad  cars  for  the  5'/2  mile  haul  to  the  plant.  Pro- 
duction began  with  a  single  kiln  9  feet  by  200  feet.  A 
second  kiln  was  added  almost  at  once,  and  by  1930 
four  kilns  were  in  operation;  five  quarries  had  been 
opened  to  supply  them.  Some  time  after  that,  steam 
shovels  were  replaced  with  electric  shovels  that  loaded 
broken  rock  into  10-ton  trucks  that  discharged  into 
railroad  cars  at  nearby  loading  docks.  Each  car  was 
fitted  with  3  containers,  each  holding  10  tons  of  rock, 
or  one  truck  load.  Eventually,  10  quarries  were  de- 
veloped in  and  near  section  11,  and  there  was  an  ad- 
ditional quarry  (no.  12)  a  mile  to  the  west. 

By  1942,  the  plant  had  5  kilns  and  a  capacity  of  7000 
barrels  of  cement  a  day,  and  it  was  becoming  difficult 
to  obtain  limestone  from  the  variable  deposits  at 
Quartzite  Mountain  at  the  rate  required  by  the  en- 
larged plant.  The  Reserve  quarry  was  brought  into 
production  9  miles  to  the  east.  At  first,  special  trucks 
were  used  to  bring  the  broken  limestone  over  a  paved 
road  to  the  nearest  point  on  the  quarry  railroad.  The 
vastly  increased  demand  for  portland  cement  after 
World  War  II  led  to  the  expansion  of  the  entire  opera- 
tion. In  1951,  a  large  new  limestone  deposit  half  a  mile 
northeast  of  the  Reserve  Quarry  at  Black  Mountain 
was  brought  into  production,  and  the  older  quarries 
in  section  11  were  shut  down.  A  primary  crushing 
plant  was  built  at  the  new  quarry,  and  the  railroad  was 
extended  to  it.  By  April  1959  two  new  kilns  had  been 
added,  making  a  total  of  nine  with  a  capacity  of  6 
million  barrels  a  year. 

Riverside  Cement  Company .  Riverside's  Oro  Grande 
plant  was  rehabilitated  early  in  World  War  II  at  the 
request  of  the  War  Production  Board.  The  finishing 
end  of  the  old  plant  being  obsolete,  only  clinker  was 
produced  at  first  and  shipped  to  the  company  plant  at 
Riverside  for  grinding.  A  shortage  of  railroad  cars 
made  it  necessary  to  rebuild  the  finishing  end  of  the 
Oro  Grande  plant,  which  was  completed  in  1946.  The 
Klondike  quarry  was  opened  in  this  period  and  was 
operated  by  a  contractor.  Quarrying  in  the  Klondike 
area  must  have  been  started  at  an  earlier  period,  be- 
cause the  Barstow  30-minute  quadrangle  (surveyed  in 
1932)  shows  a  railroad  extending  to  the  west  face  of 
the  hills  east  of  Oro  Grande. 

After  the  war,  the  plant  was  modernized  and  en- 
larged. The  new  plant  had  3  new  10-foot  x  3  50- foot 
kilns  and  a  capacity  of  2  '/2  million  barrels  a  year.  Two 
more  kilns  were  added  by  1953.  In  1959  the  operation 
was  rebuilt  a  second  time.  The  Sparkhule  quarry  has 
been  opened  and  new  automatic  crushing,  sampling, 
and  storage  facilities  installed  (Utley  1959).  Two  new 
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kilns  have  been  placed  in  operation,  making  a  total  of 
seven,  having  a  combined  annual  capacity  of  6,250,000 
barrels. 

Silica  Brick 

The  Atlas  Fire  Brick  Company  began  the  manufac- 
ture of  silica  brick  in  California  in  1918.  Emsco  Re- 
fractories Company  purchased  Atlas  Fire  Brick  Com- 
pany in  1928  and  became  a  Division  of  Gladding  Mc- 
Bean  and  Company  in  1944.  Tillotson  Clay  Products 
Company,  now  part  of  General  Refractories  Company, 
and  Harbison-Walker  Refractories  Company  also 
manufacture  silica  brick  in  California  but  as  far  as  we 
know  have  never  quarried  quartzite  in  this  state. 

Gladding  McBean  and  its  predecessors  initially  ob- 
tained quartzite  from  deposits  north  and  east  of 
Hodge.  About  1929  Emsco  Refractories  Company 
transferred  its  operations  to  a  deposit  leased  from 
Southwestern  Portland  Cement  Company  at  the  east 
end  of  Quartzite  Mountain.  The  Atlas  quarry  at  the 
west  end  of  Quartzite  Mountain  was  opened  by  Min- 
eral Materials  Company  about  1939  to  furnish  quart- 
zite for  the  manufacture  of  silica  brick  as  well  as  for 
portland  cement.  Riverside  Cement  Company's  quart- 
zite quarry  has  also  yielded  quartzite  for  the  silica 
brick  industry. 


Limestone  Deposits 

Sparkhule  Hill 

Location:  Ey2SW%  and  Wy2SElA  sec.  4,  T.  6  N, 
R.  4  W.,  SB.  on  Sparkhule  Hill  approximately  3  miles 
northeast  of  Oro  Grande.  Owner:  Riverside  Division, 
American  Cement  Company,  2404  Wilshire  Boulevard, 
Los  Angeles  90057.  The  Sparkhule  Hill  quarry  has 
been  developed  since  1952  and  in  1960  was  the  prin- 
cipal source  of  limestone  for  the  Oro  Grande  plant. 

The  deposit  consists  of  a  hill  over  which  massive, 
blue-gray  to  black  limestone,  map  unit  X,  crops  out 
virtually  without  overburden  for  more  than  200  acres. 
The  limestone  is  gently  folded  into  a  northwest-trend- 
ing syncline.  To  the  east  it  is  overlapped  and  locally 
intruded  by  rocks  of  the  Sidewinder  Volcanic  Series; 
to  the  north,  west,  and  south  it  is  bordered  by  older 
alluvium.  Test  borings  reveal  that  granitic  rock  as  well 
as  volcanic  rocks  of  the  Sidewinder  Volcanic  Series 
underlie  the  limestone  at  depths  of  several  hundred 
feet.  The  limestone  mass  contains  numerous  siliceous 
veins  and  veinlets. 

Most  of  the  limestone  is  a  blue-gray  material  with 
sugary  texture.  Some  of  it  is  fine-grained  and  black, 
and  some  is  coarse-grained  and  white.  Analyses  of  bore 
holes  show  that  virtually  none  of  the  limestone  con- 
tains more  than  a  few  tenths  of  a  percent  of  magnesia. 
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The  gross-silica  content  as  quarried,  however,  is  high, 
averaging  10  percent  or  more.  Reserves  are  in  the 
order  of  several  hundred  million  tons. 

The  quarry  has  been  developed  with  50-foot 
benches  of  large  areal  extent.  Up  to  1961  rock  had 
been  removed  chiefly  from  the  top  and  the  south  face 
of  Sparkhule  Hill. 

Shay  Quarry 

Location:  SE%NWlA  sec.  17,  T.  6  N.,  R.  4  W., 
SB.,  1  mile  northeast  of  Oro  Grande.  Owner:  River- 
side Division,  American  Cement  Company,  2404  Wil- 
shire  Boulevard,  Los  Angeles  90057.  The  Shay  quarry 
furnishes  schist  and  part  of  the  limestone  required  for 
the  Oro  Grande  plant.  It  was  developed  following 
World  War  II  at  the  time  the  Oro  Grande  plant  was 
modernized. 

The  Shay  quarry  exposes  blue-gray,  medium  to 
coarsely  crystalline  limestone  and  overlying  schist  units 
at  the  intersection  of  the  Shay-Comet  and  Klondike 
fault  zones.  Two  limestone  units  are  present,  map  unit 
VIII  A  north  of  the  Shay-Comet  fault  zone,  and  map 
unit  IX  B  2  south  of  it.  The  rocks  are  intricately 
folded,  faulted,  and  intruded  by  granitic  rocks.  Both 
limestone  units  also  contain  relatively  thin  interbeds 
of  schist  and  quartzite.  Part  of  the  limestone  is  dolo- 


mitic.  In  general  the  beds  strike  northwestward  and 
dip  north  at  40°  to  60°.  The  limestone  is  underlain  by 
up  to  200  feet  of  dolomite.  Bore  holes  show  that,  al- 
though good  quality  limestone  is  present,  much  of  the 
limestone  in  the  Shay  quarry  contains  3  to  5  percent 
of  magnesia.  Reserves  of  limestone  are  probably  several 
million  tons,  but  become  available  relatively  slowly  as 
the  high  silica  and  high  magnesia  material  that  must  be 
concurrently  removed  can  be  absorbed  by  the  plant. 
The  quarry  is  crudely  elliptical  in  plan,  and  measures 
about  1000  feet  by  800  feet.  By  means  of  50-foot 
benches  it  has  been  sunk  to  50  feet  below  ground  level 
on  the  west  side.  The  face  on  the  east  side  is  as  much 
as  150  feet  high. 


Photo  13  (below).  Panorama  across  the  south  face  of  the  Sparkhule 
Hill  limestone  deposit  of  the  Riverside  Division  of  American  Cement 
Corporation,  observer  facing  northeast.  Limestone  several  hundred  feet 
thick  crops  out  without  overburden  over  more  than  200  acres.  Reserves 
exceed  100  million  tons. 
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Photo  14  (top).  West  face  of  Quarry  12  of 
Southwestern  Portland  Cement  Company,  showing 
gently  clipping,  platy  character  of  the  limestone  of 
map  unit  VIIA.  Quarry  12  was  one  of  the  princi- 
pal sources  of  limestone  for  the  Victorville  plant 
from  1938  to  about  1951.  Photo,  March  1960. 


Photo  15  (bottom).  North  face  of  Quarry  12 
of  Southwestern  Portland  Cement  Company  as 
seen  in  March  1960.  Massive  quartzite  (VI IC)  and 
platy  schist  (VIIB)  conformably  overlie  limestone  of 
map  unit  VIIA.  These  are  all  parts  of  one  of  the 
thrust  plate  remnants  which  override  the  northwest 
end  of  Quartzite  Mountain. 
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Klondike  Quarry 

Location:  SWtfNEtf  and  NWtfSEtf  sec.  17,  T. 
6  N.,  R.  4  W.,  SB.,  adjoining  the  Shay  quarry  on  the 
southeast  and  1  !4  miles  northeast  of  Oro  Grande. 
Owner:  Riverside  Division,  American  Cement  Corn- 
pan)-,  2404  Wilshire  Boulevard,  Los  Angeles  90057. 
The  Klondike  quarry  was  opened  in  1942  and  until 
about  1961  was  the  principal  source  of  limestone  for 
the  Oro  Grande  plant.  Total  production  amounts  to 
many  millions  of  tons. 

Medium  to  coarse  crystalline  blue-gray  limestone, 
map  unit  IX  B  2,  200  to  450  feet  thick,  crops  out  for 
1500  feet  along  the  west  face  of  the  low  ridge  that 
adjoins  the  Quartzite  Mountain  group  of  hills  on  the 
west.  The  beds  continue  to  the  northwest  into  the 
Shay  quarry  but  are  cut  off  by  a  fault  to  the  southeast. 
The  limestone  is  underlain  by  50  to  60  feet  of  dolo- 
mite, and  the  dolomite  is  underlain  by  gneiss.  To  the 
east  the  limestone  is  in  fault  contact  along  the  Shay- 
Klondike  fault  with  schist  and  quartzite  of  map  area  I. 
The  rocks  in  the  quarry  are,  in  addition,  disrupted  by 
minor  faults  and  folds  and  have  been  intruded  by 
granitic  bodies.  Much  of  the  quarry  is  filled  with  slide 
rock,  mostly  limestone  debris,  that  slid  off  the  east  face 
of  the  main  quarry  along  the  Klondike  fault  surface. 
The  great  bulk  of  the  limestone  is  low  in  silica  and 
magnesia.  Reserves  are  undoubtedly  substantial  but 
difficult  to  quarry  without  removing  an  enormous 
amount  of  material  of  little  usefulness. 

The  Klondike  quarry  is  1500  feet  long,  300  to  500 
feet  wide,  and  was  developed  with  25-foot  transverse 
benches.  It  was  driven  from  the  northwest.  On  the 
west  side  the  face  is  50  to  75  feet  high,  and  the  slide 
on  the  east  side  is  as  much  as  250  feet  high. 

Quarry  72 

Location:  SE^SE^  sec.  9,  T.  6  N.,  R.  4  W.,  SB., 
in  Oro  Grande  Canyon  northwest  of  Oro  Grande 
beacon  and  2'/4  miles  northeast  of  Oro  Grande. 
Owner:  Southwestern  Portland  Cement  Company, 
1034  Wilshire  Boulevard,  Los  Angeles  90057.  Quarry 
12  was  developed  after  1938,  and  until  about  1951  was 
one  of  the  principal  sources  of  limestone  for  the  Vic- 
torville  plant.  It  was  idle  in  1960.  Total  production 
has  been  several  million  tons. 

At  Quarry  12,  massive  blue-gray,  medium  crystalline 
limestone,  map  unit  VII  A,  occurs  in  a  northwest- 
dipping  thrust  plate  that  overlies  Oro  Grande  Series 
units  of  map  area  II.  The  limestone  is  several  hundred 
feet  thick  and  crops  out  over  an  area  1000  feet  long 
and  700  feet  wide.  North  of  the  quarry  the  limestone 
is  overlain  by  relatively  thin  schist  and  quartzite  units, 
but  south  of  it  the  limestone  has  no  overburden.  The 
limestone  averages  2l/2  to  3  percent  magnesia  and  3  to 
4'/2  percent  silica. 

Quarry  12  is  an  opening  500  feet  long,  300  feet 
wide,  with  faces  up  to  60  feet  high,  that  was  driven 


from  the  east.  Quarrying  has  been  carried  westward  to 
the  west  boundary  of  the  property.  We  estimate,  how- 
ever, that  4  million  tons  of  limestone  remain  to  the 
south  of  the  quarry  and  beneath  the  quarry  floor. 

Sugar  Rock  Quarry 

Location:  SEtfSEtf  sec.  9,  T.  6  N.,  R.  4  W.,  SB., 
just  west  of  Quarry  12  and  2J/4  miles  northeast  of  Oro 
Grande.  Owner:  Ideal  Cement  Company,  620  Denver 
National  Bank  Building,  Denver  2,  Colorado.  The 
Sugar  Rock  quarry  was  one  of  several  in  Oro  Grande 
Canyon  that  furnished  high  quality  limestone  for  beet 
sugar  factories  and  for  lime  from  the  1880's  to  about 
1914.  It  has  been  idle  for  many  years. 

The  Sugar  Rock  quarry  embraces  the  western  edge 
of  the  deposit  that  has  been  opened  at  Quarry  12.  On 
the  southwest  the  deposit  is  limited  by  the  northwest- 
trending  Sugar  Rock  quarry  fault.  The  following  is 
the  analysis  of  a  typical  specimen  (analysis  by  the 
Twining  Laboratories,  Fresno): 

Percent 
Si02  -  1.55 
AbOs-  0.96 
Fe2<>-  0.14 
CaO  -51.14 
MgO  -  3.00 
P*Os    -    0.19 

Reserves  are  fairly  small  as  the  entire  property  con- 
sists of  less  than  2  acres  and  the  limestone  does  not 
persist  at  depth;  in  addition,  access  to  the  quarry  could 
not  be  obtained  without  arranging  a  right-of-way 
across  the  adjoining  properties.  In  addition  to  the  lime- 
stone in  place,  the  property  contains  a  dump  of  50,000 
to  75,000  tons  of  broken  limestone  rejected  by  the 
Sugar  Rock  quarry  men  but  probably  suitable  for 
Portland  cement. 

Summit  Claims 

Location:  a  strip  from  the  center  to  the  northwest 
corner  of  sec.  15,  T.  6  N.,  R.  4  W.,  SB.,  on  the  north- 
east face  of  Quartzite  Mountain  and  3  miles  east  north- 
east of  Oro  Grande.  Owner:  Southwestern  Portland 
Cement  Company,  1034  Wilshire  Boulevard,  Los  An- 
geles 90017.  The  deposit  contains  an  enormous  ton- 
nage of  limestone  but  is  practically  undeveloped. 

The  Summit  claims  cover  much  of  the  strike  length 
of  map  unit  3— a  massive  blue-gray,  medium  crystal- 
line limestone  that  averages  250  feet  thick.  It  crops  out 
from  near  the  summit  of  Quartzite  Mountain,  down  its 
steep  northeast  face  to  the  base,  a  distance  of  about 
4,000  feet.  It  dips  steeply  southwest  into  the  mountain 
and  is  overlain  by  massive  quartzite.  As  far  as  we 
know,  the  deposit  has  not  been  sampled  by  any  of 
the  operating  companies.  The  following  analyses  are 
of  clean  spot  samples  that  we  collected.  They  suggest 
that  the  limestone  is  fairly  high  in  magnesia  and  that 
some  blending  might  be  necessary  for  use  in  portland 
cement  (analyses  by  the  Twining  Laboratories, 
Fresno) : 
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SR  84 


Sm-J 

Sm-2 

Sm-3 

Sm-4 

Sm-5 

Sm-6 

Sm-7 

SiO- 

0.52% 

0.97% 

1.57% 

0.63% 

0.99% 

1.45% 

5.33% 

AbOa 

0.15 

0.11 

0.15 

0.59 

0.20 

0.28 

1.50 

FeaOa 

0.45 

0.75 

0.43 

0.32 

0.38 

0.24 

0.22 

CaO 

50.85 

50.24 

53.27 

51.00 

51.29 

50.65 

50.80 

MgO 

3.94 

4.98 

1.98 

4.14 

3.49 

4.58 

1.47 

PaOs 

0.05 

0.11 

0.04 

0.05 

0.04 

0.03 

0.08 

Sm-1:      Banded  limestone  collected  near  the  base  of  map  unit  3  near  the 

most  southeasterly  prospect  adit. 
Sm-2:      Typical,   medium-crystalline,   blue-gray  limestone  from  the  middle 

of  map  unit  3— collected  in  upper  middle  test  pit. 
Sm-3:      Limestone  from   upper   beds   of  map   unit  3   about  500  feet   up- 

slope  from  the  Oro  Grande  beacon  service  roadway  and  nearly 

due  west  of  the  most  southeasterly  prospect  adit. 
Sm-4:      Typical    blue-gray,    faintly-banded    limestone    collected    near    the 

top  of  map  unit  3  directly  above  the  cluster  of  open  cuts  located 

S.  25°  W.  of  the  Oro  Grande  beacon  generator  house. 
Sm-5:      Typical  medium-grained,  blue-gray  limestone  from  the  uppermost 

cut  lying  S.  25°  W.  of  the  Oro  Grande  beacon  generator  house. 

Collected  in  the  middle  of  map  unit  3. 
Sm-6:      Typical,  medium-grained,  blue-gray  limestone  from  near  the  base 

of  map  unit  3  due  south  of  the  generator  house. 
Sm-7:      Typical   sample   collected   near  the   base   of   map   unit  3    directly 

downslope   from   the    uppermost   cut   in   which    sample   Sm-5   was 

collected. 

The  deposit  is  undeveloped  and  unexplored  except 
for  several  test  cuts  at  the  northwest  end  of  the  out- 
crop just  above  the  line  along  which  the  limestone 
disappears  beneath  the  alluvium  of  Oro  Grande  Can- 
yon. Even  though  the  limestone  dips  steeply  into  the 
mountain,  we  estimate  that  10  to  15  million  tons  could 
be  recovered  within  a  strike  distance  of  2000  feet  from 
these  test  cuts  where  the  mountain  slope  is  relatively 
gentle. 

Quarry  2 

Location:  SE!4SE!/4  sec.  10  and  SW/4SW/4  sec. 
1 1,  T.  6  N.,  R.  4  W.,  SB.,  at  the  east  end  of  Quartzite 
Mountain  and  3  %  miles  east-northeast  of  Oro  Grande. 
Owner:  Southwestern  Portland  Cement  Company, 
1034  Wilshire  Boulevard,  Los  Angeles  90017.  Quarry 
2  is  the  most  southerly  of  the  group  of  quarries  in  and 
around  section  1 1  that  supplied  the  Victorville  plant 
until  about  1951. 

The  quarry  has  exposed  a  mass  of  gently  dipping 
blue-gray,  medium-crystalline  limestone,  map  unit  8, 
up  to  500  feet  thick  that  is  underlain  by  quartzite  and 
overlain  by  schist.  It  crops  out  in  an  area  1000  feet 
long  and  750  feet  wide.  The  limestone  contains  about 
2  percent  of  magnesia  and  5  percent  of  silica.  We  esti- 
mate the  reserves  to  a  depth  of  100  feet  to  be  2  million 
tons. 

Quarry  2  has  been  developed  by  an  upper  bench 
1000  feet  long  and  up  to  100  feet  high  that  was  worked 
southward  into  the  hillside.  There  is  also  a  bench  about 
100  feet  lower  that  has  been  started  from  a  long  cut 
through  the  overlying  schist. 

Quarries  3,  L-4,  E-6,  and  8 

Locations:  Sec.  11,  T.  6  N.,  R.  4  W.,  S.B.,  at  the 
east  end  of  Quartzite  Mountain  and  4  miles  east-north- 
east of  Oro  Grande.  Owner:   Southwestern  Portland 


Cement  Company,  1034  Wilshire  Boulevard,  Los  An- 
geles 90017.  These  quarries  furnished  many  millions  of 
tons  of  limestone  for  the  Victorville  plant  from  the 
time  it  was  opened  in  1916  to  about  1951. 

These  quarries  have  developed  a  north-trending, 
nearly  vertical  mass  of  blue-gray  and  white,  medium- 
crystalline  limestone,  map  unit  8,  lying  between  quart- 
zite to  the  east  and  schist  to  the  west.  It  ranges  in 
thickness  from  600  feet  in  the  south  to  200  feet  in 
the  north.  Granitic  rock  is  exposed  at  the  surface  with- 
in a  few  hundred  feet  to  the  east  of  the  limestone  and 
undoubtedly  underlies  it  at  a  relatively  shallow  depth. 
The  limestone  has  been  extensively  altered  and  locally 
contains  patches  of  garnet-epidote  tactite  and  mag- 
nesian  limestone.  The  unaltered  limestone  contains  1 
to  2  percent  of  magnesia  and  2  to  6  percent  of  silica. 

The  deposit  has  been  developed  by  advancing  sev- 
eral faces  from  east-west  trending  gullys.  Quarry  3 
and  Quarry  L-4  in  NE%SWV4  section  11,  originally 
were  opened  on  opposite  sides  of  a  good  sized  hill, 
have  merged  and  ultimately  resulted  in  a  hole  approxi- 
mately 100  feet  below  the  surrounding  land  surface. 
Quarry  E-6  in  SEV^NW1/^  section  11  was  driven 
north  toward  Quarry  8  in  NE^NW1^  section  11  and 
NW!4NE'/4  section  11.  Reserves  in  the  Quarry  3  area 
are  probably  too  small  for  the  property  to  be  of 
further  use  for  cement,  but  probably  one  to  two  mil- 
lion tons  could  be  recovered  from  Quarry  E-6  north- 
ward. 

Quarries  1  and  10 

Location:  NE'/4SW!/4  sec.  11,  T.  6  N.,  R.  8  W., 
SB.  west  of  Quarries  3  and  L-4  and  4  miles  east  north- 
east of  Oro  Grande.  Owner:  Southwestern  Portland 
Cement  Company,  1034  Wilshire  Boulevard,  Los  An- 
geles 90017.  These  quarries  furnished  siliceous  lime- 
stone as  part  of  the  feed  for  the  Victorville  plant  from 
1916  to  about  1951. 

Quarries  1  and  10  have  developed  blue-gray,  medium 
crystalline  limestone,  map  unit  9b,  of  map  area  VI. 
The  limestone  forms  a  steeply  dipping,  lenticular  body 
100-200  feet  thick  enveloped  in  schist.  It  contains  1  to 
2  percent  MgO,  1  to  5  percent  Fe208,  5  to  10  percent 
Al.O.i,  and  up  to  20  percent  SiOL>.  Quarries  1  and  10 
were  driven  toward  each  other  from  opposite  sides  of 
the  hill  west  of  Quarries  3  and  L-4.  Ultimately  they 
joined,  forming  a  cut  150  feet  wide  and  50  feet  deep. 
No  reserves  remain  above  local  ground  level.  Imme- 
diately east  of  this  cut,  there  is  a  notable  mass  of  lime- 
stone that  has  not  been  quarried  and  the  properties  of 
which  we  have  not  ascertained. 

Oro  Grande  Canyon  Deposits 

Location:  southeast  corner  sec.  8  and  southwest 
part  of  sec.  9,  T.  6  N.,  R.  4  W.,  SB.,  along  Oro 
Grande  Canyon  and  2  miles  northeast  of  Oro  Grande. 
Owner:  Riverside  Division,  American  Cement  Com- 
pany,  2404  Wilshire  Boulevard,  Los  Angeles  90057. 
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The  Oro  Grande  Canyon  deposits  are  small  but  readily 
accessible.  The  Original  quarry  furnished  a  modest 
tonnage  of  limestone  for  lime  in  the  late  19th  and 
early  20th  Centuries  and  probably  for  the  Golden 
State  Portland  Cement  Company's  plant  at  Oro 
Grande.  Elsewhere,  the  deposits  have  been  opened  by 
test  cuts  or  small  quarries  that  perhaps  were  made  by 
the  lime  burners  and  sugar  rock  producers  of  the  late 
19th  Century.  The  deposits  are  relatively  thin  and 
steeply  dipping,  and  the  readily  recoverable  reserves 
are  small  compared  with  other  deposits  on  the  River- 
side property. 

Macks  Peak  consists  of  massive  to  brecciated,  blue- 
gray,  medium  crystalline  limestone  and  dolomite,  map 
unit  VII  D,  that  have  been  thrust  over  other  Oro 
Grande  Series  units.  The  upper  50  feet  is  fair  quality 
limestone  low  in  silica,  alumina,  and  iron  but  with  3 
to  4  percent  of  magnesia.  The  material  at  greater 
depth  is  even  more  dolomitic.  The  following  are  the 
analyses  of  samples  from  two  test  cuts  at  the  south 
edge  of  Macks  Peak  just  north  of  the  Oro  Grande 
Canyon  road  (Analyses  by  the  Twining  Laboratories, 
Fresno): 


Percent 

Percent 

Si02 

1.10 

3.84 

AlaOa 

0.25 

0.77 

Fe^O:> 

0.19 

0.19 

CaO 

51.18 

50.42 

MgO 

2.98 

2.46 

P2O3 

0.08 

0.12 

Unit  VIII  E  is  a  steeply  south-dipping  limestone  bed 
on  the  south  side  of  Oro  Grande  Canyon  just  south- 
west of  Road  Junction  3192.  The  limestone  is  low  in 
silica,  alumina,  and  iron,  but  contains  2  '/2  to  4  percent 
magnesia.  A  narrow  outcrop  north  of  Oro  Grande 
Canyon  road  and  west  of  Road  Junction  3192,  map 
unit  VIII  G,  also  is  low  in  silica,  alumina,  and  iron 
but  contains  3  Vi  to  414  percent  magnesia.  In  the 
Original  quarry,  the  limestone  of  map  unit  VIII  G 
contains  2  to  3  percent  magnesia  and  a  considerable 
proportion  of  interbedded  schist  and  granitic  intru- 
sives. 

Dolomite  Deposits 
Central  Ridge  Deposit 

Location:  SW/iSEtf  sec.  10,  W'/2NE!/4  sec.  15,  T. 
6  N.,  R.  4  W.,  SB.,  on  the  ridge  and  in  the  intervening 
canyon  northeast  of  Oro  Grande  beacon  and  3  miles 
east-northeast  of  Oro  Grande.  Owner:  not  ascer- 
tained. Central  Ridge  is  underlain  by  an  enormous 
mass  of  dolomite  that  is  undeveloped  and  unexplored. 
The  northern  part  of  it  is  readily  accessible  to  the  road 
through  Oro  Grande  Canyon. 

White,  massive,  medium-to-coarse-crystalline  dolo- 
mite map  unit  1,  occupies  a  northwest-trending  belt 
2500  feet  long  and  1500  feet  wide  across  the  east- 
central  part  of  Quartzite  Mountain.  The  beds  dip 
steeply.  Locally,  the  dolomite  contains  dikes  of  gra- 
nitic rock,  zones  of  contact  metamorphic  minerals,  and 


thin  lenses  of  schist.  The  analyses  of  two  representa- 
tive samples  of  dolomite  follow  (analyses  by  the 
Twining  Laboratories,  Fresno): 


BD-I 

BD-2 

SiOs 

2.10% 

5.16% 

AbO.i 

4.89 

1.80 

Fe=Oi 

2.07 

1.10 

CaO 

31.95 

30.68 

MgO 

16.15 

19.70 

Pi'Os 

0.12 

0.14 

BD-1:      Top  of  unit  between  prospect  pits  east  of  pole  line. 
BD-2:      Pit  at  north  end  of  Central  Ridge,  near  base  of  unit. 

The  reserves  within  50  feet  of  the  surface  exceed  15 
million  tons. 

Dolomite  Southwest  of  Quartzite  Mountain 

Location:  SE^NEK  sec.  16,  T.  6  N.,  R.  4  W.,  SB., 
at  the  head  of  the  canyon  west  of  Oro  Grande  beacon 
and  214  miles  east-northeast  of  Oro  Grande.  Owner: 
not  ascertained.  The  deposit  is  undeveloped,  relatively 
small,  and  difficult  to  get  to. 

The  deposit  consists  of  medium  crystalline,  off- 
white  dolomite,  map  unit  3b,  about  200  feet  thick  that 
dips  gently  into  the  mountain.  Dolomite  is  exposed 
without  overburden  within  an  area  1500  feet  long  and 
800  feet  wide.  The  analyses  of  two  samples  follow 
(analyses  by  the  Twining  Laboratories,  Fresno): 


MD-J 

MD-2 

SiOz 

4.66% 

3.44% 

AhOs 

2.90 

2.83 

Fe20n 

1.18 

1.21 

CaO 

30.08 

30.46 

MgO 

19.02 

20.58 

P^Or, 

0.06 

0.08 

MD-1:      Near  top  of  unit  in  canyon  west  of  Oro  Grande  beacon. 
MD-2:      Lowest  exposure  in  canyon  west  of  Oro  Grande  beacon. 

Klondike  Deposit 

Location:  SE74NW/4,  SW14NE14,  NW^SE1/ 
sec.  17,  T.  6  N.,  R.  4  W.,  SB.,  114  miles  northeast  of 
Oro  Grande.  Owner:  Riverside  Division,  American 
Cement  Company,  2404  Wilshire  Boulevard,  Los  An- 
geles 90057.  Dolomite  is  associated  with  limestone  in 
the  Shay-Klondike  quarries.  Although  none  has  been 
produced,  a  substantial  tonnage  of  dolomite  could  be 
obtained  easily.  Blue-gray  to  white  crystalline  dolo- 
mite, map  unit  IX  B  1,  50  to  60  feet  thick  underlies  the 
limestone.  It  is  exposed  for  a  strike  length  of  1000  feet 
and  forms  an  unquarried  remnant  on  the  west  wall  of 
the  Klondike  quarry.  We  estimate  that  about  200,000 
tons  of  dolomite  are  exposed  above  the  local  ground 
level.  At  the  borders  the  deposit  grades  into  dolomitic 
limestone. 

Quartzite  Quarries 
Riverside  Cement  Company  Deposit 

Location:  NE14NW14  sec.  17,  T.  6  N.,  R.  4  W., 
SB.,  just  north  of  the  Shay  quarry  and  1  mile  north- 
east of  Oro  Grande.  Owner:  Riverside  Division, 
American  Cement  Company,  2404  Wilshire  Boule- 
vard, Los  Angeles  90057.  The  quarry  has  been  oper- 
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ated  intermittently  since  about  1940  and  has  furnished 
several  hundred  thousand  tons  of  iron  oxide-stained 
quartzite,  mostly  for  the  company's  portland  cement 
plant   at   Oro   Grande. 

The  deposit  consists  of  massive  quartzite,  map  unit 
VIII  C,  that  occupies  most  of  an  isolated  hill  700  feet 
in  diameter  that  rises  about  100  feet  above  local 
ground  level.  The  quartzite  dips  gently  north  and  is 
underlain  by  schist.  A  north-trending  fault  zone 
crosses  the  deposit,  and  near  it  the  quartzite  is  frac- 
tured and  iron  stained.  The  following  analysis  of  typi- 
cal material  was  furnished  by  Gladding  McBean  and 
Company  (Bowen,  1954,  p.  178): 


Percent 

SiOs 

-  98.57 

AI20.1 

-    0.46 

Fe20a 

-    0.34 

TiO 

-    0.05 

CaO 

-    0.05 

MgO 

-    0.17 

Alkalies 

-    0.15 

The  quartzite  on  the  east  half  of  the  deposit  has 
been  cut  down  50  to  100  feet  below  the  original  top 
of  the  hill.  We  estimate  that  2  million  tons  of  quartzite 
remain  above  the  level  of  Oro  Grande  Canyon,  which 
is  just  north  of  the  deposit. 

Klondike  Deposit 

Location:  SWtfNEtf  sec.  17,  T  6  N.,  R.  4  W.,  SB., 
just  east  of  the  Klondike  quarry  and  1 54  miles  north- 
east of  Oro  Grande.  Owner:  Riverside  Division, 
American  Cement  Company,  2404  Wilshire  Boulevard, 
Los  Angeles  90057.  The  deposit  consists  of  a  large 
body  of  quartzite  that  has  not  been  developed  but  is 
readily  accessible. 

The  ridge  east  of  the  Shay  and  Klondike  quarries  is 
capped  by  massive  quartzite,  map  unit  7,  that  lies  in 
the  axis  of  a  plunging  syncline.  The  outcrop  area  is 
1700  feet  long  and  600  feet  wide,  and  the  quartzite  is 


several  hundred  feet  thick.  To  the  west,  the  quartzite 
is  limited  by  the  Klondike  fault  and  underlain  by 
schist,  which  crops  out  on  the  east  side.  Reserves 
within  100  feet  of  the  surface  are  8  million  tons.  A 
granitic  dike  bisects  the  deposit  close  to  its  long  axis. 
The  deposit  could  be  developed  easily  from  the  road 
to  the  upper  benches  of  the  Klondike  quarry,  which 
cuts  across  the  north  end  of  the  ridge. 

Atlas  Quarry 

Location:  NE^SE1^  sec.  17,  T.  6  N.,  R.  4  W.,  SB., 
adjoining  the  Klondike  quarry  on  the  southeast  and 
1  Vi  miles  northeast  of  Oro  Grande.  Owner:  Mineral 
Materials  Company,  1145  Westminster  Avenue,  Al- 
hambra.  Since  it  was  opened  in  1939,  the  Atlas  quarry 
has  produced  150,000  to  200,000  tons  of  quartzite, 
mostly  for  sale  to  portland  cement  plants  in  southern 
California.  Before  1955  some  of  the  output  was  used 
for  silica  brick. 

The  deposit  consists  of  a  mass  of  quartzite,  map  unit 
7,  100  to  250  feet  thick,  that  forms  a  wedge-shaped 
fault  block  900  feet  long  and  500  feet  wide.  It  is 
underlain  by  schist  and,  on  the  west  side,  a  thin  lens  of 
limestone.  The  following  analysis  of  typical  quartzite 
from  the  Atlas  quarry  was  furnished  by  Gladding 
McBean  and  Company  (Bowen,  1954,  p.  176): 


Percent 

SiCh 

-  98.90 

AbOa 

-    0.16 

Fe-O.i 

-    0.18 

TiOa 

-    0.04 

CaO 

-    0.23 

MgO 

-    0.08 

Alkalies 

-    0.24 

The  deposit  has  been  opened  from  the  east  side.  The 
quarry  is  semicircular  with  benches  about  30  feet  high 
and  is  800  feet  long  and  up  to  300  feet  wide.  Blast 
holes  are  made  with  wagon  drills  that  use  tungsten 


Photo  16.  The  Atlas  quartzite  quarry  of 
Mineral  Materials  Company  as  seen  in  1956, 
observer  facing  southeast.  The  company  has 
produced  150,000-200,000  tons  of  quartzite 
since  1959,  mostly  for  use  by  portland  cement 
plants. 
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carbide-tipped  steel.  At  present,  the  quarry  is  worked 
intensively  about  once  a  year,  and  a  stockpile  of 
quartzite  is  maintained  in  the  Los  Angeles  area.  For 
cement  plants,  quarry-run  rock  is  used.  When  the 
quarry  furnished  quartzite  for  silica  brick,  the  com- 
pany had  a  crushing  and  screening  plant  at  the  quarry 
for  the  removal  of  fines.  The  fines  contain  most  of 
the  impurities  present  in  the  quarry-run  rock. 

Quartzite  Mountain  Northwest  Deposit 

Location:  N'^N'/z  sec.  16,  part  of  sec.  9,  T.  6  N., 
R.  4  W.,  SB.  (proj.),  on  the  summit  and  upper  north 
slope  of  the  peak  1  mile  west  of  the  Oro  Grande  bea- 
con and  2  miles  east  northeast  of  Oro  Grande.  Owner: 
Riverside  Division,  American  Cement  Company,  2404 
Wilshire  Boulevard,  Los  Angeles  90057.  An  enormous 
tonnage  of  quartzite  is  exposed  without  overburden, 
but  it  is  undeveloped  and  relatively  inaccessible. 

Massive  quartzite  of  map  unit  7  is  exposed  along  the 
ridge  crest  in  the  trough  of  a  northwest-plunging  syn- 
cline.  The  quartzite,  which  is  underlain  by  schist,  is 
several  hundred  feet  thick  and  is  exposed  within  an 
area  4000  feet  long  and  1500  feet  wide.  In  the  north- 
western part  of  this  area  the  quartzite  of  the  syncline 
is  overlapped  by  another  quartzite  mass  that  forms 
part  of  a  thrust  plate.  Both  quartzite  masses  con- 
tain minor  interbedded  lenses  of  schist.  On  the  sur- 
face at  least,  cracks  and  joints  in  the  quartzite  are  iron- 
stained.  We  estimate  the  reserves  within  100  feet  of 
the  surface  at  36  million  tons. 

Quartzite  Mountain  (Upper  Unit) 

Location:  NW'/4NW'/4  sec.  15,  NEtfNEM  sec.  16, 
T.  6  N.,  R.  4  W.,  SB.  (proj.),  on  the  crest  of  the  ridge 
between  Oro  Grande  beacon  and  Quarry  12,  214  miles 
east-northeast  of  Oro  Grande.  Owner:  Southwestern 
Portland  Cement  Company,  1034  Wilshire  Boulevard, 
Los  Angeles  90017.  The  deposit  contains  large  unde- 
veloped reserves  of  quartzite  in  steep  terrain  of  diffi- 
cult access. 

An  upper  massive  quartzite,  map  unit  7,  is  exposed 
at  the  surface  in  the  troughs  of  two  parallel  synclines 
that  plunge  northwest.  The  outcrop  area  is  roughly 
2500  feet  long  by  500  feet  wide.  The  quartzite  is  un- 
derlain by  schist,  which,  in  limited  areas  in  the  west- 
ern syncline,  has  been  brought  to  the  surface  by  com- 
bined folding  and  faulting.  Reserves  to  100  feet  below 
the  surface  are  about  10  million  tons. 

Quartzite  Mountain  (Lower  Unit) 

Location:  A  strip  from  the  center  to  the  northwest 
corner  of  sec.  15,  T.  6  N.,  R.  4  W.,  SB.  (proj.),  on  the 
summit  and  northeast  face  of  Quartzite  Mountain  and 
3  miles  east-northeast  of  Oro  Grande.  Owner:  not  as- 
certained. The  deposit  contains  a  substantial  tonnage 
of  quartzite  in  a  relatively  inaccessible  location  and  has 
not  been  developed. 

A  steeply  dipping  lower  quartzite,  map  unit  5,  that 
averages  250  feet  thick  crops  out  for  about  4000  feet 


across  the  steep  northeast  face  of  Quartzite  Mountain. 
Underneath  and  separated  from  it  by  a  thin  schist 
unit  is  the  limestone  of  the  Summit  claims.  The  quartz- 
ite is  overlain  by  schist.  The  quartzite  is  relatively 
accessible  at  the  northwest  end  above  Quarry  12.  Per- 
haps 5  million  tons  of  quartzite  could  be  obtained  from 
the  outcrop  without  excessive  stripping.  If  it  were 
quarried  together  with  the  Summit  limestone,  perhaps 
a  larger  tonnage  would  be  available. 

Quartzite  Mountain  Southwest  Deposit 

Location:  S^NE'X,  NW^SE'X,  sec.  16,  T.  6  N., 
R.  4  W.,  SB.  (projected),  on  and  near  Summit  4136, 
half  a  mile  west  of  Oro  Grande  beacon  and  214  miles 
east-northeast  of  Oro  Grande.  Owner:  not  ascertained. 
The  deposit  is  undeveloped,  inaccessible,  and  relatively 
small. 

The  deposit  consists  of  massive  quartzite,  map  unit 
5,  that  crops  out  near  the  summit  of  the  western  part 
of  Quartzite  Mountain.  It  is  probably  100  feet  or  more 
thick  and  lies  on  dolomite.  It  is  overlain  by  schist  and 
dips  under  it  at  a  relatively  low  angle.  It  is  exposed 
without  overburden  within  an  area  of  roughly  500,000 
square  feet.  We  estimate  the  reserves  within  50  feet 
of  the  surface  at  2  million  tons. 

Coxcomb  Ridge  Deposit 

Location:  SEtfSEtf  sec.  10,  NE^NEtf  sec.  15, 
T.  6  N.,  R.  4  W.,  SB.,  southwest  of  Quarry  between 
2  and  3  miles  east  northeast  of  Oro  Grande.  Owner: 
not  ascertained.  The  area  contains  an  enormous  mass 
of  quartzite  that  is  undeveloped  but  readily  accessible. 

Massive  quartzite,  map  unit  7,  crops  out  for  about 
1800  feet  along  the  Coxcomb  Ridge  northeast  of 
Quartzite  Mountain.  It  dips  northwest  at  about  45 
degrees  and  is  exposed  on  the  entire  northwest  slope 
of  the  ridge  except  for  a  small  area,  where  it  dips 
beneath  limestone.  It  is  several  hundred  feet  thick  and 
is  underlain  by  schist.  The  deposit  could  be  reached 
easily  anywhere  along  its  northwest  edge.  Recoverable 
reserves  are  estimated  to  be  roughly  16  million  tons. 

Emsco  Quarry 

Location:  NWtfNEtf  sec.  11,  T.  6  N.,  R.  4  W., 
SB.,  just  northwest  of  Quarry  8,  and  4.2  miles  east 
northeast  of  Oro  Grande.  Owner:  Southwestern  Port- 
land Cement  Company,  1034  Wilshire  Boulevard,  Los 
Angeles  90017.  The  quarry  was  opened  about  1928  by 
Emsco  Refractories  Company,  later  a  division  of  Glad- 
ding McBean  and  Company,  and  has  produced  about 
100,000  tons  of  quartzite  for  silica  brick.  It  was  last 
operated  about  1945. 

The  quarry  has  been  opened  in  a  ridge  of  quartzite, 
map  unit  7,  that  borders  the  valley  east  of  Quartzite 
Mountain.  The  quartzite  has  a  maximum  exposed 
width  of  400  feet.  It  dips  northwest  at  40°  to  60° 
and  is  overlain  by  limestone.  To  the  east  it  is  overlain 
by  alluvium  and  very  likely  is  intruded  by  granitic 
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Photo  17.  The  Emsco  silica  quarry  operated 
by  Gladding  McBean  and  predecessors  from 
1928  to  about  1945.  The  light-colored  quartzite 
of  map  unit  7  is  cut  by  a  darker  sill  of  granitic 
rock.  The  quartzite  was  used  in  manufacture 
of  silica  brick.  Photo  taken  in  March  1960, 
observer  facing  northeast. 


^  . 


rock  only  a  short  distance  east  of  the  alluvium  contact. 
The  quartzite  is  shattered  and  contains  intrusions  of 
granitic  rock.  Reserves  are  about  3  million  tons.  The 
quarry  is  300  feet  by  300  feet  with  a  face  up  to  75 
feet  high.  A  screening  plant  for  beneficiating  the 
quartzite  formerly  was  on  the  property  but  has  been 
removed.  The  following  analysis  of  quartzite  was  fur- 
nished by  Gladding  McBean  and  Company  (Bowen, 
1954,  p.  178): 


Percent 

SiC-2 

-  99.04 

Ak03 

-    0.27 

FeaOn 

-    0.13 

TiO> 

-    0.04 

CaO 

-    0.15 

MgO 

-    0.04 

Alkalies 

-    0.32 

Southwestern  Quarries 

Location:  W»/2NEtf,  and  SE'/4NW!4,  sec.  11,  T. 
6  N.,  R.  4  W.,  SB.,  just  east  of  Quarries  E-6  and  8,  and 
4.1  miles  east  northeast  of  Oro  Grande.  Owner:  South- 
western Portland  Cement  Company,  1034  Wilshire 
Boulevard,  Los  Angeles  90017.  A  group  of  quarries 
near  the  Southwestern  Portland  Cement  Company's 
limestone  quarries  in  section  11  has  furnished  more 
than  a  million  tons  of  quartzite  for  the  Victorville 
plant  since  they  were  opened  about  1928.  They  have 
been  idle  since  1951,  when  the  company  began  to  use 
limestone  with  a  relatively  high  silica  content  from  the 
Black  Mountain  quarry  east  of  the  mapped  area. 

The  deposit  consists  of  a  ridge  of  massive  quartzite, 
map  unit  7,  bordering  the  valley  east  of  Quartzite 
Mountain  and  in  the  northern  part  of  which  is  the 


Emsco  quarry.  It  is  a  steeply  dipping  body  with  out- 
crop length  of  2500  feet  and  width  of  up  to  750  feet. 
It  is  bordered  on  the  west  by  limestone  and  on  the 
east  by  alluvium,  beneath  which  granitic  rock  prob- 
ably has  intruded  and  cut  off  the  quartzite.  As  indi- 
cated by  bore  hole  analyses,  the  deposit  ranges  from 
83  to  96  percent  silica  and  averages  about  94  percent 
silica. 

The  deposit  has  been  opened  in  several  places.  The 
Southwestern  Silica  quarry  is  300  feet  by  150  feet  and 
has  a  face  40  feet  high.  It  was  opened  in  the  south  end 
of  the  quartzite  hill  just  northeast  of  the  center  of  sec- 
tion 1 1.  At  the  north  end  of  the  same  hill  some  quartz- 
ite has  been  quarried  from  the  east  side  of  Quarry  8. 
To  the  south,  a  large  tonnage  of  quartzite  has  been 
taken  from  the  quartzite  ridge  just  east  of  Quarry  3. 
We  estimate  the  reserves  within  100  feet  of  the  surface 
at  10  million  tons. 

Miscellaneous  Cement  Plant  Materials 

Comet  Quarry  (Quariz-Mica  Schist) 

Location:  NE'/JNE'/J  sec.  17,  T.  6  N.,  R.  4  W.,  SB., 
Y2  mile  east  of  the  Shay  quarry  and  just  east  of  the 
road  to  the  Atlas  quarry.  Owner:  Riverside  Division, 
American  Cement  Company,  2404  Wilshire  Boulevard, 
Los  Angeles  90057.  The  Comet  quarry  has  produced 
several  hundred  thousand  tons  of  fault  zone  material, 
mostly  schist,  to  supply  alumina  and  silica  for  the  Oro 
Grande  cement  plant.  It  has  not  been  worked  recently. 

The  Comet  quarry  has  been  driven  on  the  Shay- 
Comet  fault  zone,  which  in  places  is  several  hundred 
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feet  wide.  The  rock  consists  almost  entirely  of  sheared 
and  brecciated  schist.  The  quarry  has  been  driven 
from  the  west.  It  is  400  feet  long  and  350  feet  wide, 
and  the  east  face  is  up  to  150  feet  high.  Only  limited 
reserves  remain  without  quarrying  unbroken  schist  or 
creating  a  dangerously  high  face. 

Oro  Grande  Canyon  Quartz  Mica  Schist  Deposits 

Location:  South  side  of  Oro  Grande  Canyon  be- 
tween the  southeast  corner  of  section  8  and  Road 
Junction  3192.  Owner:  Riverside  Division,  American 
Cement  Company,  2404  Wilshire  Boulevard,  Los  An- 
geles 90057.  Deposits  along  Oro  Grande  Canyon  have 
furnished  several  tens  of  thousands  of  tons  of  schist  as 
sources  of  alumina  and  silica  for  the  Oro  Grande  plant. 
They  have  not  been  worked  recently. 

The  deposit  consists  of  steeply-dipping  bodies,  map 
units  VIII  B  and  VIII  F,  several  hundred  feet  wide,  of 
quartz-mica  schist  with  minor  lenses  of  limestone, 
calc-silicate  hornfels,  and  quartzite.  The  following  is 
an  analysis  of  typical  material  intercepted  in  a  bore 
hole  at  the  Original  quarry  (analysis  courtesy  of 
Riverside  Division,  American  Cement  Company): 

Percent 

SiO*  -46.62 
AlsOs  —  17.42 
Fe*Os-  4.22 
CaO  -11.99 
MgO  -  4.03 
NasO-  1.80 
K2O  -  4.80 
Loss    -    7.32 

Small  quarries  have  been  opened  near  the  Original 
quarry  and  south  of  Road  Junction  3192.  Reserves  are 
large. 

Quarry  7  (Iron  Shale  Quarry) 

Location:  NW'/4NW'/4  sec.  14,  T.  6  N.,  R.  4 
W.,  SB.,  on  the  southeast  slope  of  Quartzite  Mountain, 
south  of  Quarry  2  and  3  %  miles  east-northeast  of 
Oro  Grande.  Owner:  Southwestern  Portland  Cement 
Company,  1034  Wilshire  Boulevard,  Los  Angeles  90017. 
A  small  tonnage  of  iron-rich  schist  has  been  obtained 
from  map  unit  6a  at  Quarry  7  to  supply  part  of  the 
iron  required  at  the  Victorville  plant.  The  quarry  has 
not  been  worked  recently.  The  following  is  a  typical 
partial  analysis  (courtesy  of  Southwestern  Portland 
Cement  Company) : 

Percent 

SiOz  -62.82 
AI2O3-  14.18 
FesOa-  9.22 
CaO   -    2.60 

Quarries  West  6  and  1 1 

Location:  SE'/4  NW'/4  sec.  11,  T.  6  N.,  R.  4  W., 
SB.,  at  the  east  end  of  Quartzite  Mountain  and  4  miles 


east— northeast  of  Oro  Grande.  Owner:  Southwestern 
Portland  Cement  Company,  1034  Wilshire  Boulevard, 
Los  Angeles  90017.  Quarries  West  6  and  11  probably 
have  yielded  several  hundred  thousand  tons  of  schist 
with  some  limestone  to  furnish  part  of  the  feed  for  the 
Victorville  plant.  They  have  not  been  operated  since 
about  1951. 

The  quarries  have  been  opened  in  map  unit  9c, 
which  consists  of  steeply  dipping  quartz-mica  schist 
with  thin-bedded  calc-silicate  hornfels  and  some  lime- 
stone, that  lies  west  of  the  limestone  unit  worked  in 
Quarries  3,  L-4,  East  6,  and  8.  The  following  are  typi- 
cal analyses  of  the  material  that  was  quarried: 


Quarry 

Quarry 

West  6 

?1 

Percent 

Percenf 

SiOs 

43.80 

27.14 

AI203 

11.24 

9.00 

FesOi 

7.60 

4.04 

CaO 

21.00 

33.00 

MgO 

1.02 

2.58 

Loss 

12.79 

24.19 

Quarry  West  6  measures  500  feet  by  150  feet  and 
has  a  face  60  feet  high.  Quarry  11,  which  lies  between 
West  6  and  East  6  is  notably  smaller. 


Shay  and  Klondike  Quarries 

The  Shay  and  Klondike  quarries  have  furnished  sev- 
eral million  tons  of  material  other  than  limestone— 
mostly  containing  alumina  and  silica  for  the  Oro 
Grande  plant.  The  hanging  wall  beds,  map  unit  IX  C, 
consist  of  green  calc-silicate  hornfels  and  black 
quartz-mica  schist  with  thin  limestone  lenses.  In  the 
Shay  quarry  area,  this  unit  has  an  outcrop  area  of 
1000  feet  by  400  feet.  The  following  is  a  typical  analy- 
sis (courtesy  of  Riverside  Division,  American  Cement 
Company) : 


SiO* 

-  52.28 

AI203 

-  17.62 

Fe=Oi 

-    5.24 

CaO 

-  10.27 

MgO 

-    3.48 

NasO 

-    0.15 

K2O 

-    4.48 

Other  sources  are  the  brecciated  schist  and  lime- 
stone of  the  Shay-Comet  and  Klondike  fault  zones, 
and  the  granitic  dikes  and  schist  lenses  that  are  en- 
closed in  limestone.  An  iron-bearing  shear  zone  on  the 
east  wall  of  the  Klondike  quarry  at  one  time  was  used 
to  supply  iron  for  the  plant  feed  (Tucker  and  Samp- 
son, 1943,  p.  524).  Most  of  the  alumina-silica  material 
has  been  obtained  while  quarrying  limestone  or  in  pre- 
paring the  quarries  for  removing  limestone.  Much  of 
the  lowest  level  of  the  Shay  quarry  is  in  schist. 
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SR  84 


Tabulation  of  miscellaneous  deposits. 


Name  of  claim,  mine, 
or  group 

Location 

Owner 

Geology 

Remarks  and  references 

Althea 

Amazon    (Copper    Moun- 
tain,   Copper   King,    Lucky 
Rose) 

NE'/isec.  15,T.6N.,R.4W„ 
SB.  (proj.)  on  south  lace  of  Cox- 
comb  Ridge,   31/2   mi.    ENE   of 
Oro  Grande 

Blane  A.  Frazier  and  R.  R. 
Percival  (1948) 

Two  centers  of  mineralization  consisting 
of  chalcopyrite  with  secondary  malachite 
and  chrysocolla  occupying  fractures  and 
replacement  patches  in  magnetite. 

1)  On  Copper  King  claim  in  fractured  in- 
trusive  and    schistose    black    hornblende 
lamprophyre  intrusive  along  N.  10°-20° 
W- trending    fault    that    offsets    quartzite- 
limestone  beds  of  Oro  Grande  Series. 

2)  1500   ft.   S.   26°  W.    in   vein   system 
striking  N.  63°  E.,  dipping  60°  NW,  in 
and    along    blue-black    meta-andesite   of 
Sidewinder  Volcanic  Series  that  intrudes 
quartzite  and  mica  schist  of  Oro  Grande 
Series. 

See  Embody  (Crawford  94:228.  96319) 

First  worked  by  Mormons,  approximately 
1880.    Active    1890-95;    no    record    of 
production.    Copper    Mountain    Mining 
Co.  produced  and  shipped   300  tons  of 
oxidized   copper   ore,   1912-16.   Eastern 
ore  bodies  developed  by  vertical  shafts 
265  and  1  75  ft.  deep.-  western  ore  bodies 
developed   by   shaft   inclined  60°   NW, 
several  short  tunnels,  open  cuts.  Workings 
caved  and  inaccessible,  1951.  (Aubury 
08:333;  Bailey  02:11;  Bowen   54:119; 
Cloudman     19:784;     Crawford     94:69; 
96:60;  Storms  93:363) 

Atwood  (Excello)  clay 

SE'/i  sec.  2,  T.  6  N.,  R.  4  W., 
S.B.,  S.  slope  of  Silver  Moun- 
tain  and   4V<2   mi.    NE   of   Oro 
Grande 

Two  most  westerly   claims 
held  by  F.  R.  Mason  and 
F.  E.  Burton.-  ownership  of 
other  claims  not  ascertained 
(1948) 

White  kaolinitic  clay,  alunite,  and  alun- 
itic  clay  in  irregularly  distributed  masses 
derived  from  felsic  lava  and  tuff  of  Tri- 
assic(?)  Sidewinder   Volcanic   Series  by 
hydrothermal      alteration.      Clay-bearing 
mass  is  overlain  by  hard,  silicified  felsite. 
Reserves  probably  several  hundred  thou- 
sand tons,  but  quantity  and  distribution 
of  various  grades  not  ascertained. 

Unknown  tonnage  of  clay  produced  pre- 
1904  by  selective  mining,  probably  by 
H.    L.    Atwood   of   Victor  (Victorville). 
Workings    consist    of    tunnels,    crosscuts, 
shallow     winzes,     and     room-and-pillar 
stopes.    Deepest   horizontal    penetration, 
100  ft.,  maximum  thickness  of  clay  pene- 
trated,  30   ft.   (Aubury   06:226;   Bowen 
54:141,142) 

Carbonate 

NMpNE'/j  sec.  17,  T.  6  N.,  R. 
4  W.,  S.B.,  Vi  mi.  NE  of  Shay 
quarry  and  1  V?  mi.  NE  of  Oro 
Grande 

Riverside    Division,     Am- 
erican Cement  Co.,  621  S. 
Hope  St.,  Los  Angeles  1  7 
(1960) 

Cerussite,     free     gold,     silver     in     north- 
dipping    vein    system    in    pre-vein    fault 
system  several  hundred  feet  wide,  trend- 
ing N.  75°-80°  E.  in  schist  and  limestone 
of  Oro  Grande  series.  Two  parallel  veins 
up  to  2  ft.  thick  in  limestone,  separated 
by  1-4  ft.  of  mica  schist.  Richest  ore  re- 
ported at  or  near  contact  of  veins  with 
altered  rhyolite  felsite  dike. 

Silver-bearing  gossan  outcrop  discovered 
1890.   Main  shaft   inclined   20°-40°   N. 
with  inclined  depth  of  225  ft.  and   ver- 
tical depth  of  100  ft.;  40  ft.  of  drifting 
on  60-ft.  level;  90  ft.  on  200-ft.  level.  A 
group  of  8  shafts  1000  ft.  N.  67°  E.  of 
main  shaft;  one  with  600  ft.  of  drifting  on 
180-ft.      level.      Worked      intermittently 
1890-1942.  (Bowen  54129;  Cloudman 
19:811;    Crossman    90:233;    Eng.    Min. 
Jour,  v  51:450,  1891,  Storms  93:361) 

Copper  Mountain 

See  Amazon  (Aubury  08:333) 

Dents  Grandview  Lode 

NEWSW'/i     and     NW/iSE'4 
sec.  17,  T.  6N.,  R.  4  W„  SB.. 
V£  mi.  W.   of  Klondike  quarry 
and  1   mi.  NE  of  Oro  Grande 

Dent  estate  (1954) 

Ouartz    and    brecciated    schist    impreg- 
nated   here    and    there    with    auriferous 
pyrite.  Wall  rock  in  the  upper  part  of  the 
shaft    is   chiefly   mica   schist   of   the   Oro 
Grande  Series. 

Developed  by  shaft  roughly  1 00  ft.  deep. 
Property   contains   extensive  foundations 
for   uncompleted   mill   buildings.   Active 
1947,  1931 ,  and  prior  to  1931  .  Produc- 
tion not  ascertained.  (Bowen  54:124) 

Embody  (Althea) 

NW'^NWV,  Sec.  20,  T.  6  N., 
R.  4  W.,  SB.,  V9  mi.  E.  of  Oro 
Grande 

Riverside  Division,  Amer- 
ican  Cement  Co.,  621    S. 
Hope  St.,  Los  Angeles  17 
(1960) 

Gold-bearing    pyrite    in    fractured    schist 
and  gneiss  derived  from  granite  porphyry 
of  Upper  Paleozoic(?)  age. 

An  old  mine  well  known  in   1880s,  but 
largely   inactive  since   1890.   Developed 
by    two   vertical    shafts    100   and    30    ft. 
deep.  Ore  reported  to  average  $8  to  $1  0 
per  ton.  Total  production  not  ascertained. 
(Bowen      54:124;     Cloudman      19:812; 
Crawford    94:228;    96:319,    Storms   93: 
261) 

Gold  Bullion 

NWcor.  sec.  10,  T.  6  N.,  R.  4 
W.,    SB.,    3    mi.    NE    of    Oro 
Grande 

J.  F.  Tedford,  Oro  Grande 
(1931) 

Auriferous    pyrite    and    chalcopyrite    in 
shear  zone  1-3  ft.  wide,  striking  N.  10°- 
15°   E.   Vein   nearly   vertical   at   surface, 
but  reported   to   dip   60°   W.   at   depth. 
Wall  rock  is  black  andesite  tuff  of  Side- 
winder Volcanic  Series. 

Developed  by  80-ft.  vertical  shaft.  Active 
1931.  (8owen   54125;  Tucker   30:237, 
31:297) 

Hoganson 

Sec.  14,  T.  6N.,R.  4  W,  SB., 
on  SE  slope  of  Ouartzite  Moun- 
tain 

Hoganson     Mining      Co., 
Culver  City  (1943) 

Steeply  dipping  4-ft.  quartz  vein  cutting 
quartz    monzonite.   Samples   reported   to 
contain   $10  to   $16   worth   of  gold   per 
ton. 

Developed  by  125-ft.  vertical  shaft  with 
drifts  at   50  ft.   and   100  ft.  (Bowen   54: 
126;  Tucker  43:454) 

Oro  Grande  (Oro  Grande 
II,  Oro  Grande  Gold  Mines 
Co.) 

NW  ,  sec.  20.  T.  6  N.,  R.  4 
W.,  SB.,  just  S  of  Oro  Grande 
and  just  E  of  Santa  Fe  Railroad 

Oro  Grande  Gold  Mines 
Co.,  Geo.  Anderson,  pres., 
Oro  Grande  (1930) 

Vein  of  gold-bearing  quartz  and  silicified 
brecciated  wall  rock,  few  inches  to  1  2  ft. 
wide,  strike  N.  15°  W.,  dip  70°  W.  in 
mica   schist   of   Oro   Grande   Series   and 
dikes   of   dark    gray,   nonporphyritic   an- 
desite,   probably    associated    with    Side- 
winder Volcanic  Series. 

Developed  by  ooen  cut  200  ft.  by  10-25 
ft.  by  up  to  20  ft.  deeo,  120-ft.  shaft  in 
the  open  cut,  and  40-ft.  shaft  200  ft.  SE 
of   the   open   cut.    Ore   reported   to   run 
$4.50  per  ton  was  milled  in  a  10-stamp 
mill    on    the    property.     Active    1930; 
earlier   history    not   ascertained.    (Bowen 
54:131;  Tucker  30:247,  31:308) 

Oro  Grande  II 

See  Oro  Grande  (Bowen  54:1  31) 

Oro   Grande   Gold   Mines 
Co. 

See    Oro    Grande    (Tucker    30:47,    31: 
308) 

Ozark   (Big   Ten,   Garrison, 
Midas) 

SW'/t  sec.  3,  T.  6  N,  R.  4  W  , 
SB.,   1  V<2   mi.   N   of   Ouartzite 
Mountain  and  3'/2  mi.   NE  of 
Oro  Grande 

R.       R.      Garrison,      Oro 
Grande,  leased  to  G.   A. 
Childers(1940) 

Ouartz  stringers  and  pyrite-impregnated, 
brecciated      meta-andesite      in      vertical 
shear  zone  striking   N.    35°  E.   Mineral- 
ized   material    thoroughly    oxidized    to 
depth  of  50-60  ft.  Wall  rocks  are  meta- 
andesite   and   metadacite   of   Sidewinder 
Volcanic  Series. 

Developed   by   100-ft.   vertical   shaft  re- 
ported to  have   levels  at   50  and  90   ft. 
Also  other  shafts,  cuts,  and  shallow  pits. 
Water    in    main    shaft    at    70    ft.,    1951. 
Located  about  1888.  Developed  about 
1916  by  Ozark  Mining  &  Milling  Co., 
J.   S.   Garrison,  gen.   mgr.    A   small   pro- 
duction  of   gold   and   silver.    Last  active 
1926-40.    (Bowen     54:128;    Cloudman 
19:813;  Tucker  30:248;  31:309) 

1965 


Oro  Grande  Series— Bowen  and  Ver  Planck 
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(Dathed  where  approximately  loealed, 

gradtitwwil  t-r  inferred) 


Fault 

Dashed  uihrreapfii latelii  lorritid 

U,  iiplhruirn  nidr,  D,  dowalhrown  tide 
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Strike  and  dip  of  cleavage 

Strike  of  vertical  cleavage 

tJ_,M 

Strike  and  dip  of  bedding  and  cleavage 

Strike  and  dip  of  beds 

-P- 
Srrike  and  dip  of  overturned  beds 


Fault,  showing  relative 
movement 


Thrust  fault 
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Strike  of  vertical  beds 
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Am  of  anticline 


EXPLANATION 
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STRUCTURE  SECTIONS 


QUARRY  12 

THRUST  FAULT 


EXPLANATION 


Alluvium.  Locally  includes  artificial  fill. 


y^\     Older  alluvium,  fanflomeraJa,  locally  cemented  to  hard  bteeeia  by 
Qoal  caliehe.  Locally  includes  artificial  Jill, 
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Granitic  rocks,  chiefly    medium-   and   coarse-grained   biotilt   quartz 
Hqm  monionite;  includes  aptitt  and  pegmatite. 


SIDEWINDER   VOLCANIC   SERIES 

Black  to  dark-gray  lalite,  light-gray  rhyolitc  and  daeitc. 


ORO   GRANDE   SERIES 
MAP    AREAS    I    THROUGH   VI 


Dark-brown  ta  black-icrathcring  quartzite  breccia,  dark  quorti-mica 
schist  and  thin-bedded  greenish  cale-silicaie  hornfeU  [9);  lower  dark 
quarlt-mica  :chi.->  ■nut  lujrnfrfc  (  ?  ,],  blur-ytait,  in. Jium  crijslatlim: 
limestone  (9b);  middle  dark  quartz-mica  schist  andliornfels  (9c), 
lower  blue-gray  to  off-irbite,  medium  crystalline  dolomite  (9a);  up- 
per dnrk  quartz-mica  ivhi.il  and  homfels  (9';);  upper  blue-gray  to 
off-white  medium-crystalline  dolomite  Kith  minor  schist  (sch)  (91)- 


Upper  commercial  quartzite  — massirt,  etm-graintd,  medium-crystal' 
line,  off-white  quartzite.  Lithologically  indistinguishable  from  the 
lower  quartzite;  contains  a  few  lenses  of  schist  (sch)  and  limestone 


Principal  schist— black,  severely  crumpled  quartz-mica  schist  (6a); 
btui-gray  to  light-btown-wr.athtr ing  limestone  and  dolomitic  lime- 
stone, thin  and  commonly  lenticular  1,8b) ;  off -white  quartzite  (6c), 


Lower  commercial  quartzite— massive,  even-grained,  medium-crystal- 
line, off-white  quartzite. 


Quartzite -schist  transition  unit— black,  grtcnish-blaek  und  dark-brown 
schist  and  micaceous  quartzite;  minor  cate-silicate  homfels. 


Principal  carbonate  — blue-gray,   medium-crystalline  limestone  (3a); 
brown-weathering,  off-white,  medivru-crn-.'inllitu  dolomite  (3b); 
schist  (sch). 


■      Lower  schist-horn  felt—green, brown, and  black,  thin-brdded  schist,  eale- 
silicate  homfels  and  micaceous  quartzite. 


1     Lattermost  dolomite— white,    massive,  medium-  to  coarsc-eryslallint 
dolomite,  locally  serpentinie. 


GEOLOGIC  MAP  OF  QUARTZITE  MOUNTAIN  AND  VICINITY  NEAR  ORO  GRANDE, 

SAN  BERNARDINO  COUNTY,  CALIFORNIA 


Geology  by  Oliver  E.  Bowen  and  William  E.  Ver  Planck 
1960 


SCALE  IN  FEEr 
CONTOUR  INTERVAL  20  FEET 

OATUM   15  MEAN  SEA  LEVEL 


MAP    AREA    VII  -  MACKS    PEAK    VICINITY 


QUARRY   12   PLATE 


Dark-brawn  to  black  xchist,  thinly  laminated. 


Massive,  blue-gray,  medium-crystalline  limestone. 


PLATE  SOUTH  OF  MACKS  PEA 


n 


Dark-brown  to  black  schivt,  ihinly  laminated. 


MACKS   PEAK   PLATE 


■ 

PLATE  WEST  OF  QUARRY   12 
Upper  commercial  quartzite  —  massive,  even-grained,   medium-erystal- 


Massive  to  brecciated  blue-gray,  medium-crystalline  limestone,  mag- 


PLATE   AT  NORTH   END  OF  CENTRAL   RIDGE 

,  medium-  to  coarsc-crystallin 


J 
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MAP    AREA    VIII 
LOWER    ORO    GRANDE    CANYON 


Massive,  off-white,  quartzite. 


Blue-gray  to  white,  crystalline  limestone,  dolomilic  in  part. 


Black  to  dark-brown  quartz-mica  schist  with  minor  limestone,  horn- 
fell,  quartzite. 


Blue-gray,  medium-crystalline  limestone. 


Black  to  dark-brown  quartz-mica  schist;  few  thin  lenses  of  limesloneils,, 
quartzite,  homfels. 


MAP  AREA  IX 
SHAY  •  KLONDIKE  BLOCK 


^y~J9~~^L.  _T    tlrren  i-iilc-:  ii inn,  h,,ruul.,  imd  Mark  ijnart;-mica  schist  with  one  thin 
~—^Ht^~~-^j       lens  of  blue-gray  crystalline  limestone  (Is). 


Dark-brown  to  black  quartz-mica  schist  with  thin  lens  of  green  horn- 


-jTj        fels  and  gran  or  light-brown  dolomite  idol). 


Blue-gray  to  while  crystalline  dolomite  (1X8  1  I,  light-gray  crystalline 
limestone  (IX  B  2);  lenses  of  schid  and  quartzite  (IX  B  3). 


=jtl_— _— J   Light-gray  to  brownish-gray,    medium-grained  quartz-jeldspar-miea 


\~        gneiss  and  schist  probably  derived  by  granitizatian  of  shale. 


MAP    AREA    X  -  SPARKHULE    HILL 


NOTE:    LINE    PATTERNS    IDENTIFY    MAP    AREAS 
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Bat  man  by  lopograpnic  Division. 

U,S,  Geological  Survey 

Portions  ol  Victorvllle  and  Helendale  quad'angli 


QUARTZITE  MOUNTAIN  AND  VICINITY  SHOWING  ORIENTATION  OF  THE  AREAS  AND 
MAJOR  STRUCTURAL  ELEMENTS  DISCUSSED  IN  THE  TEXT 
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SCALE  IN  FEET 

Geology  by  Oliver  E.  Bowen  and  William  E.  Ver  Planck 
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